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1	Introduction
So far, the following was agreed related to UL transmission with configured grant in NR-U:
RAN1 #92bis [1]:
Agreement:
· Study changes needed for Configured Grant support in NR-U

In RAN1 #93 [2]:
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
In RAN1 #94 [3]:
Agreement:
· 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.

· Retransmission via same configured grant resource is supported for a HARQ process that was initially transmitted via configured grant resource. 
· Retransmission via resource scheduled by UL grant is supported for a HARQ process that was initially transmitted via configured grant resource.

· 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.

· NR-unlicensed configured grant transmission is not allowed during the time when it overlaps with occasions configured for potential NR-U DRS of the serving cell irrespective of the configured time domain resource for configured grant transmission.  

According to this agreement, it seems most of topics in NR-U configured grant already in sufficient level for this SI. Detailed solutions can be further discussed in the following NR-U WI.
In this contribution, we discuss the remaining issues for NR-U configured grants.

2	Support of URLLC in NR-U
In NR, transmission with configured grants (grant-free transmission) is specified to meet the stringent latency requirement of URLLC. 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 with relaxed latency bounds, transmission repetition is supported for UL transmission with configured grants in Rel-15 NR.
From our view point, the major expected use case for UL configured grant transmission for NR-U would be eMBB. As concluded in LTE Rel-15 WI “Enhancements to LTE operation in unlicensed spectrum”, 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.
Hence, the design of UL transmissions with configured grants for NR-U should primarily aim at making the UL transmission more efficient.
Observation 1: The most important use case for UL transmission with configured grant in NR-U is eMBB.
In addition, the support of URLLC could also be considered in NR unlicensed band operation, especially with stand-alone (SA) deployments. However, the URLLC enhancement SI is taking place on parallel as well with the aim to enhance some of the detailed features of URLLC (e.g., intra-UE eMBB and URLLC multiplexing, configured UL grant enhancements for URLLC, L1 enhancements including scheduling/HARQ/CSI etc.). The discussion on URLLC in NR-U could be postponed until more concrete mechanism are concluded for licensed band NR in the URLLC enhancements SI.
Proposal 1: Postpone the addition of URLLC specific features to NR-U until more concrete mechanism are concluded for licensed band NR in the Rel-16 URLLC SI. 
3	Resource allocation
Time domain resource allocation
Increased flexibility on time domain resource allocation for the configured grant transmissions in NR-U has been agreed in RAN1 #94 [3]: 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. 
Furthermore, it is also agreed that: NR-unlicensed configured grant transmission is not allowed during the time when it overlaps with occasions configured for potential NR-U DRS of the serving cell irrespective of the configured time domain resource for configured grant transmission.  
There are two main tracks to support more flexible time domain resource allocation in NR-U.
1. Re-use feLAA AUL’s approach – bitmap based configuration
The gNB shall indicate which slots configured grant UL transmission are allowed using a bitmap of [X] bits via RRC signalling.
2. Enhancement on NR configure grant’s approach – e.g., a periodic transmission window
In NR, the time domain resource of configured grant transmission is configured via a periodicity with a timing offset. Pre-defined resource allocation cannot be guaranteed in unlicensed spectrum due to unpredictable LBT outcome. To improve the efficiency of configured grant transmission in NR-U, one potential enhancement is defining a periodic transmission window instead of only one periodic transmission occasion.
Compared with option 2, option 1 is more flexible for the gNB to assign or exclude certain slots for configured grant UL transmission, for example in order to prevent a configure grant UL transmission from blocking NR-U DRS transmission.
Proposal 2: Use a bitmap of [X] bits (via RRC signalling) to indicate which slots are allowed for configured grant UL transmission. FFS: X

Collision avoidance
In Rel-15 FeLAA, the configured time resource for AUL transmission may still be used for scheduled DL (ScDL) and scheduled UL (ScUL) transmission, in order to a) increase the resource utilization; b) protect high priority traffic transmitted via scheduled mode. Such mechanism may result in two kinds of collisions:
1. AUL and ScDL collision
AUL and ScDL transmission may be colliding, if they have the same transmission starting position. Therefore, the AUL transmission in not allowed to start from the subframe boundary (at least 16 us after subframe boundary) to give the ScDL the chance to grab the channel; supported starting positions are {16, 25, 34, 43, 52, 61, OS #1}) in FeLAA in order to give higher priority to ScDL transmission.
2. AUL and ScUL collision
In Rel-15 FeLAA, the eNB may allow AUL within eNB acquired COT in subframes belonging to the UL subframes indicated with C-PDCCH only if the COT is acquired using the largest priority class value. Moreover, the eNB enables or disables the COT sharing to AUL via C-PDCCH signalling. Such mechanism provides the possibility of AUL and ScUL multiplexing when the configured AUL resources are overlapping with ScUL transmission. 
Furthermore, the AUL transmission is not allowed to start before 34 us (supported starting positions are {34, 43, 52, 61, OS #1}) after subframe boundary, which minimize the collision issue of AUL and ScUL transmission. The eNB can avoid the collision by configure the starting position of ScUL transmission at subframe boundary or 25 us after subframe boundary or disable AUL transmission within the COT.
In NR-U configured grant operation, we could reuse the FeLAA principles of collision avoidance by managing the transmission starting position of configured grant.
Proposal 3: Configured grant UL transmission is allowed within the gNB acquired COT. FFS: how to enable and disable such operation.
Proposal 4: Control the collisions between configured grant UL transmission and scheduled transmission by managing the transmission starting positions. FFS: details
The other collision issue discussed during FeLAA is AUL-AUL transmission collision. When AUL UEs are allocated with the full channel bandwidth, a starting position of AUL PUSCH is determined by the offset value which is randomly selected by the UE from the configured set, i.e., {34, 43, 52, 61, OS#1} and {16, 25, 34, 43, 52, 61, OS#1} for AUL transmission within and outside of eNB acquired COT, respectively. In case an AUL UE is allocated with partial channel bandwidth, the starting position of AUL PUSCH is determined by RRC configured AUL-specific PUSCH starting offset value, where the offset values are separately configured for AUL transmission within and outside of eNB COT, respectively. In NR-U configured grant operation, we could consider such mechanism as a baseline to coordinate UE multiplexing.
Proposal 5: Use FeLAA AUL approach (i.e., UE-selected starting offset and RRC configured starting offset) as the baseline to coordinate UE multiplexing for NR-U configured grant operation.
4	Retransmission
In RAN1 #94bis, autonomous retransmission for a HARQ process that was initially transmitted via configured grant mechanism is agreed for NR-U.
Agreements:
· 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.
One FFS point is whether to allow autonomous configured grant retransmission after no reception of feedback from the gNB upon a timer expiration.
It is possible that the ACK/NACK feedback (via DFI) for configured grant UL transmission is not received due to failed DFI decoding at the UE or DFI transmission failure due to LBT. To handle such indecisive situation, a timer based solution is introduced in FeLAA as a fall-back solution for AUL retransmission. A timer starts when a TB is transmitted, and if no ACK is received before the timer expires the UE assumes NACK and performs non-adaptive retransmission. The timer is configured via RRC signalling and in number of subframes.
In NR configured grant, a HARQ timer T is also introduced to reserve a HARQ process for potential retransmission for a given period. If UE does not receive a (re-)transmission grant for the same HARQ process within T, the UE assumes successful reception by the gNB and will deliver ACK to higher layers. Such design is more suitable for URLLC with stringent latency requirement, as the retransmission of the data may become meaningless after timer T. Furthermore, the configuredGrantTimer is RRC configured and in multiples of the CG periodicity. Especially for longer CG periodicities, the re-transmission waiting time using the configuredGrantTimer may be too long and therefore, configuredGrantTimer may not be directly applicable as timer for autonomous CG re-transmission. Therefore, we think a separate timer with a granularity independently of the CG periodicity, such as e.g. in number of slots, should be used. In addition to the shorter timing granularity, also for the UE autonomous re-transmission there would need to be a certain limit (without receiving ACK) when from physical layer point of view the data packet is to be regarded as handled (and therefore transmit Ack to higher layers as currently handled by the configuredGrantTimer). 
But even for URLLC, there are discussions in the URLLC study item to support explicit HARQ-Ack reporting for CG operation and enable autonomous re-transmission (based on a timer) for cases, where some autonomous re-transmission would still be within the latency bound. Therefore, also for the autonomous CG re-transmission operation there seems to be some overlap of the work in the NR-U and URLLC SIs – which preferably should be avoided. 
 
Proposal 6: Support timer-based solution for autonomous configured grant retransmission for NR-U. The separate timer is RRC configured with e.g. a slot granularity. Note: The detailed definition may need to be coordinated with the work in the Rel-16 URLLC SI discussing the same issue.

5	LBT and COT Sharing
In “Enhancements to LTE operation in unlicensed spectrum”, both Type 1 and Type 2 UL channel access are supported for AUL transmission.
1. AUL is allowed within the eNB acquired COT and Type 2 channel access (25 us one-shot LBT) should be performed before the AUL transmission starts.
2. The UE could also use Cat.4 LBT to acquire its own COT to perform AUL transmission. Furthermore, this COT is allowed to be shared with the eNB for sending DL control signaling, including AUL-DFI or UL grant, to the UE which acquired the COT within remaining COT. The duration of the DL transmission is limited to up to 2 symbols.
We see that similar channel access procedures can be introduced in NR-U for UL transmission with configured grants. Further enhancements to COT sharing could also be considered due to new features in NR, such as faster processing time.
Proposal 7: UL transmissions with configured grants should use channel access procedure defined in LTE WI “Enhancements to LTE operation in unlicensed spectrum” as a baseline. Further enhancements to COT sharing could be considered in WI phase.

6	CBG based transmission in configured grant
NR has introduced CBG based transmission for PDSCH and PUSCH, in which for case of CBG-based PDSCH the UE provides individual ACK/NACK for each CBG and gNB retransmits the failed CBGs instead of the entire TB. For CBG-based scheduled PUSCH in Rel-15, the gNB indicates in its UL grant the CBGs to be retransmitted directly. Such mechanism is very useful in the case of eMBB data being preempted by URLLC data.
In NR-U, one additional implementation of CBG operation for configured grant is to overcome bursty interference. With CBG based operation, the retransmission efficiency can be increased. Another potential implementation is to support multiple transmission starting positions. The UE shall start configured grant UL transmission directly after LBT, i.e. some symbols or partial symbol shall be discard according to when the UE finishes the LBT. In case the gNB received the rest of the CBGs correctly, the UE would only need to retransmit CBG(s) belonging to the not-transmitted symbols instead of the full TB. In order to support CBG based transmission, the design of control information (e.g., DFI) for configured grant should be further considered.
Proposal 8: Rel-15 NR CBG based operation is supported for Rel-16 NR-unlicensed configured grant operation. Its enhancements are further studied.
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7.    Conclusions
In this contribution, we have discussed remaining issues of UL transmission with configured grants for NR unlicensed. Based on the discussion, we make the following observations and proposals:
Observation 1: The most important use case for UL transmission with configured grant in NR-U is eMBB.
Proposal 1: Postpone the addition of URLLC specific features to NR-U until more concrete mechanism are concluded for licensed band NR in the Rel-16 URLLC SI. 
Proposal 2: Use a bitmap of [X] bits (via RRC signalling) to indicate which slots are allowed for configured grant UL transmission. FFS: X
Proposal 3: Configured grant UL transmission is allowed within the gNB acquired COT. FFS: how to enable and disable such operation.
Proposal 4: Control the collisions between configured grant UL transmission and scheduled transmission by managing the transmission starting positions. FFS: details
Proposal 5: Use FeLAA AUL approach (i.e., UE-selected starting offset and RRC configured starting offset) as the baseline to coordinate UE multiplexing for NR-U configured grant operation.
Proposal 6: Support timer-based solution for autonomous configured grant retransmission for NR-U. The separate timer is RRC configured with e.g. a slot granularity. Note: The detailed definition may need to be coordinated with the work in the Rel-16 URLLC SI discussing the same issue.
Proposal 7: UL transmissions with configured grants should use channel access procedure defined in LTE WI “Enhancements to LTE operation in unlicensed spectrum” as a baseline. Further enhancements to COT sharing could be considered in WI phase.
Proposal 8: Rel-15 NR CBG based operation is supported for Rel-16 NR-unlicensed configured grant operation. Its enhancements are further studied.
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