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1. Introduction
In RAN#76 a new SI [1] for NR based access to unlicensed spectrum was introduced. The objectives of the SI included the following
Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including 
· Physical channels inheriting the choices of duplex mode, waveform, carrier bandwidth, subcarrier spacing, frame structure, and physical layer design made as part of the NR study and avoiding unnecessary divergence with decisions made in the NR WI
· Consider unlicensed bands both below and above 6GHz, up to 52.6GHz
· Consider unlicensed bands above 52.6GHz to the extent that waveform design principles remain unchanged with respect to below 52.6GHz bands 
· Consider similar forward compatibility principles made in the NR WI 
· Initial access, channel access. Scheduling/HARQ, and mobility including connected/inactive/idle mode operation and radio-link monitoring/failure
· Coexistence methods within NR-based and between NR-based operation in unlicensed and LTE-based LAA and with other incumbent RATs in accordance with regulatory requirements in e.g., 5GHz, 37GHz, 60GHz bands 
· Coexistence methods already defined for 5GHz band in LTE-based LAA context should be assumed as the baseline for 5GHz operation. Enhancements in 5GHz over these methods should not be precluded. NR-based operation in unlicensed spectrum should not impact deployed Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; 
In some regions in the world, the unlicensed technologies need to perform Listen-Before-Talk (LBT) for medium access to achieve coexistence between different nodes, including cellular nodes and WiFi nodes. With scheduled uplink transmission, a UE can only transmit uplink data when gNB gains medium access and transmits UL grant. 
To deal with this limitation, grant-free transmission has been used in multiple unlicensed technologies.
· WiFi
· A STA can send uplink traffic when it senses medium idle and passes eCCA operation without being scheduled by AP
· MF/FeLAA
· Autonomous uplink (AUL) transmission has been specified to improve uplink channel utilization without being gated by UL grant transmission from eNB
Grant-free uplink (GUL) transmission has also been specified in NR to reduce PDCCH overhead. It also effectively reduces uplink transmission delay by avoiding the handshake time associated with scheduling request and uplink grant. The PDCCH overhead reduction is beneficial for system efficiency and the delay reduction can be very critical for URLLC application.
A natural question to raise is that whether NR GUL is sufficient for autonomous UL transmission in NR unlicensed as it also avoids the bottleneck of uplink grant. 
In this contribution, we discuss NR GUL limitations and propose to support AUL transmission in NR unlicensed band.
2. Summary of NR GUL and its limitations for NR unlicensed
In this section, we briefly describe the GUL transmission scheme specified in NR and point out some limitations when NR GUL is directly extended to NR unlicensed operation.
Summary of NR GUL
Two types of GUL transmissions are supported in NR and the details are summarized below. 
· Type I: RRC-only
· Type II: RRC / DCI (no override of any RRC) to signal MCS and available resources
· Slot-based and mini-slot-based tx are supported
· HARQ fully supported with 2 approaches
· Grant-based re-Tx of TB after GF 1st Tx
· GF 1st Tx with up to K=8 re-Tx (or repetition),  w/ early term. from explicit ACK
· Implicit HARQ ID from selected resource
· Implicit HARQ RV sequence from configuration (including RV cycling and RV0 repetition)
· Periodic, with multiple tx opportunities for repetition in each period. 
· Tx opportunities are tied to certain RV order ({0,2,3,1}, {0,3,0,3}, and {0,0,0,0} are supported). Initial tx of repetition must start with RV0, but its timing is flexible otherwise

In Type 1 NR GUL, RRC provides periodicity, offset, time-frequency allocation, UE-specific DMRS configuration, MCS/TBS, #repetitions (K), power control, etc. The configuration is shown in Figure 1.
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[bookmark: _Ref506196924]Figure 1 Type 1 NR GUL configuration
In Type 2 NR GUL, RRC provides periodicity, power control, #repetitions (K), and MCS/TBS, while activation DCI provides offset, time-frequency allocation, MCS/TBS, UE-specific DMRS configuration, etc. The configuration is shown in Figure 2.
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[bookmark: _Ref506197012]Figure 2 Type 2 NR GUL configuration
Limitations of NR GUL when operated in NR unlicensed band
While NR GUL can reduce PDCCH overhead and uplink transmission delay, it does not consider properties in the unlicensed operation. Some of the limitations are listed below:
NR GUL design assumes synchronous HARQ transmission instances unless retransmission always falls back to grant based
· Implicit HARQ ID from indicated resource
· Implicit HARQ RV sequence from configuration
· This may not be sufficient in NR-U due to the uncertainty on medium access. As shown in Figure 3, when UE fails CCA on the predetermined HARQ locations, it needs to wait till next HARQ instances for uplink transmission, thereby introducing much bigger delay. In addition, the pre-configured RVID may not be adapted to both decoding and detecting failure in the previous transmissions. 


[bookmark: _Ref506197907]Figure 3 Larger delay with NR GUL in unlicensed operation
Limited transmission adaptation is supported in NR GUL
· NR GUL type 1 does not have transmission adaptation
· NR GUL type 2 allows transmission adaptation with activation DCI
· However, in NR unlicensed, some parameters are only known to UE
· Different start symbol due to LBT outcome
· Different end symbol when UE wants to share MCoT with gNB so that it can be scheduled in schedule uplink (SUL) mode to achieve better link efficiency 
NR GUL may not be friendly with resource overloading among UEs
· NR GUL resource allocation allows for link-budget-limited scenarios on the UL, and lower end-to-end latency at the cost of resource efficiency
· The design targets URLLC. URLLC traffic is not expected to occupy too much system overhead in R15 hence the resource efficiency can be traded off to ensure the lower end-to-end latency.
In NR unlicensed, more AUL traffic is expected due to gNB LBT 
· AUL could be used for both URLLC and regular uplink traffic
· Efficient overloading is beneficial to achieve better resource utilization when the system has more AUL traffic, especially considering that some UEs may not be able to transmit due to LBT failure. 
Based on the above analysis, we can observe that even though NR GUL does not require uplink transmission with uplink grant, it is not best suited for grant free uplink transmission in NR unlicensed band, largely due to the LBT uncertainty. As a result, autonomous uplink transmission (AUL) is proposed in NR unlicensed to better account for the features in unlicensed operation.

Observation 1: NR GUL is not sufficient for grant free uplink transmission in NR unlicensed as it does not consider the properties in the unlicensed operation.

3. AUL for NR unlicensed
In this section, we list some of the design areas for AUL in NR unlicensed to achieve better link efficiency and better resource utilization.
3.1 UE selected HARQ operation in NR AUL
To effectively reduce the HARQ delay with synchronous HARQ operation, UE can select the HARQ process ID, RVID and NDI for NR AUL transmission. In this way, once UE obtains NACK from gNB, it could choose to use the earliest AUL resources for retransmission. In addition, it could choose the best RVID based on DL feedback. This operation is shown in Figure 4.


[bookmark: _Ref506200469]Figure 4 HARQ operation in NR AUL

With UE selected HARQ operation, UE needs to indicate the HARQ parameters to gNB. Such indication can be conveyed in AUL-UCI (AUL uplink control information).
Note AUL-UCI has already introduced in MF/FeLAA where gNB configures the set of subframes and the set of HARQ processes IDs used for AUL transmission. UE indicates HARQ ID, NDI and RVID in AUL-UCI along with AUL data transmission. 
Proposal 1: UE selected HARQ operation can reduce transmission delay and allow better HARQ combining. AUL-UCI can be introduced for UE to indicate the selected HARQ parameters and transmitted along with the AUL data.

3.2 Faster transmission adaptation in NR AUL
In NR GUL, there is no support for transmission adaptation for type 1 (unless reconfiguration is involved) while gNB may update the transmission parameters in activation DCI for type 2. With both types, the transmission adaptation does not happen very fast. 
In NR AUL, one could introduce updated transmission parameters selected by UE (e.g., MCS, PMI, RI, etc.) and indicated in AUL-UCI for better transmission adaptation. 
Conversely, gNB could choose to update the AUL transmission parameters (such as MCS, RI, PMI, RA , etc,) and signal them in DL feedback (AUL-DFI). 
AUL-UCI mapping on AUL resources can follow UCI on PUSCH in NR. 
AUL-DFI can reuse NR DCI format. 
Note PMI has been introduced in AUL-DFI in addition to HARQ feedback for FeLAA.
Proposal 2: Faster transmission adaptation can be introduced in NR AUL for better link and medium efficiency.
3.3 MCoT Sharing in NR AUL
MCoT sharing between UL and DL for the same group of UEs
When UE accesses medium via type 1 LBT outside of a gNB TXOP, it is possible for UE and gNB to share the UE TXOP to schedule DL data to the same UE. UE MCOT information can be indicated in UCI. In addition, gNB may indicate UE to end its AUL transmission earlier to leave LBT gap for gNB to access the medium. gNB may also indicate UE that it has DL traffic so that UE can end its transmission earlier for DL transmission.
The MCoT sharing between UL and DL for the same UE is shown in Figure 5.


[bookmark: _Ref506206125]Figure 5 UE MCoT sharing between UL and DL

MCoT sharing between AUL and SUL for the same group of UEs
When UE accesses medium via type 1 LBT outside of a gNB TXOP, it is also possible for UE and gNB to share the UE TXOP to schedule UL data to the same UE. Typically, SUL can achieve better link efficiency due to the dynamic scheduling.
In order for SUL to share the same MCoT with AUL, UE can include SR in AUL-UCI to indicate to gNB that it has data to be scheduled. UE may autonomous leave LBT gap for gNB to perform medium sensing and may choose to autonomously terminate its AUL transmission early for gNB to schedule in UL (provided the processing time for gNB to decode AUL-UCI and prepare UL grant). The SR in AUL-UCI can have a smaller processing time compared to the buffer status in AUL data.
The MCoT sharing between SUL and AUL for the same UE is shown in Figure 6.


[bookmark: _Ref506206241]Figure 6 UE MCoT sharing between AUL and SUL

Note MCoT sharing between AUL and DL control has been introduced for AUL in FeLAA.
Proposal 3: MCoT sharing between UL and DL allows gNB to schedule DL in UE MCoT to improve DL performance.
Proposal 4: MCoT sharing between SUL and AUL allows gNB to schedule UL in scheduled mode in the UE MCoT to improve UL performance.
3.4	Resource overloading in NR AUL
To reduce AUL resource overhead and to achieve better resource utilization, gNB may overload multiple UEs on the same resource to account for the following aspects:
· Some AUL UEs may not have data to transmit
· Some AUL/SUL UEs may not be able to pass LBT
Different transmission starting points allow later UEs to determine whether the earlier UEs occupy the medium or not when they are overloaded on the same resource. On the other hand, UEs allocated on the orthogonal resources should have the same starting point in order not to block each other. How to assign AUL resources and different potential transmission starting points should be studied in NR-U AUL to achieve better medium efficiency.
Note AUL-AUL and AUL-SUL user multiplexing have been considered in FeLAA.
Proposal 5: How to assign AUL resource to achieve better medium efficiency should be studied in NR-U AUL.

3.5	CBG based transmission in AUL
CBG based transmission has been introduced in NR where UE could provide individual ACK/NACK for each CBG and gNB retransmits the failed CBGs instead of the entire TB. Such mechanism is extremely useful when some CBGs are punctured by URLLC. Likewise, the UL grant could also indicate the CBG bitmap for retransmission. The CBG based transmission is expected to be useful in NR-U AUL when some CBGs suffer from bursty interference.
To support CBG based transmission in AUL, one implementation choice could be that the initial transmission from UE is always based on TB level and gNB could always use grant based retransmission where the grant indicates the failed CBGs for retransmission. In this case, the DFI will only provide TB level feedback. Alternatively, DFI could provide CBG level feedback indication while UE can retransmit the failed CBGs based on the DFI indication.
Proposal 6: CBG based transmission should be considered in NR-U AUL.

4. Summary
In this contribution, we identified a few limitations of NR GUL when operated in unlicensed band.
Observation 1: NR GUL is not sufficient for grant free uplink transmission in NR unlicensed as it does not consider the properties in the unlicensed operation.
Based on the observation, we propose to consider a few areas for NR AUL design improvement to achieve better AUL efficiency and latency.
Proposal 1: UE selected HARQ operation can reduce transmission delay and allow better HARQ combining. AUL-UCI can be introduced for UE to indicate the selected HARQ parameters and transmitted along with the AUL data.
Proposal 2: Faster transmission adaptation can be introduced in NR AUL for better link and medium efficiency.
Proposal 3: MCoT sharing between UL and DL allows gNB to schedule DL in UE MCoT to improve DL performance.
Proposal 4: MCoT sharing between SUL and AUL allows gNB to schedule UL in scheduled mode in the UE MCoT to improve UL performance.
Proposal 5: How to assign AUL resource to achieve better medium efficiency should be studied in NR-U AUL.
Proposal 6: CBG based transmission should be considered in NR-U AUL.
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