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Introduction
In RAN#82, the Rel-16 work item for NR-U was agreed [1]. Among the objectives of the NR-U work item are: 
- 	Configured Grant operation: NR Type-1 and Type-2 configured grant mechanisms are the baseline for NR-U operation with modifications in line with agreements during the study phase (NR-U TR section 7.2.1.3.4). (RAN1)
In RAN1 Ad-Hoc 1901 [2], the following agreements related to configured grant for NR-U were made:
Agreement:
For configured grant resource configuration in time domain, the following alternatives are to be studied with more detailed proposal and analysis, strive to down-select in RAN1#96:
· Alt. 1: Bitmap based approach as baseline with potential enhancement
· Companies are encouraged to provide detailed design in next meeting
· Alt. 2: NR Rel-15 based time domain resource allocation approach as baseline with potential enhancement
· Companies are encouraged to provide detailed design in next meeting

Agreement:
· Support multiple UE starting time offsets with sub-symbol granularity with FeLAA AUL approach as the baseline
· FFS: Enhancements specific to NRU
· Companies are encouraged to provide views and analysis on the following issues:
· Whether to support allowing the UE to start transmission later than the starting symbol as indicated in configured grant based on LBT outcome
· If yes, multiple starting positions within a slot for a configured grant configuration;
· Alt. 1: subset of symbols
· Alt. 2: any symbol
· FFS: gNB knowledge of starting symbol, whether UE indicates to gNB
· FFS signaling details
· FFS: whether similar design for scheduled grant and configured grant
· Whether the ending symbol can be punctured
· Whether the position of the ending symbol can be shifted depending on the starting position due to LBT procedures

Agreement:
CG-UCI should at least include the following information:
· HARQ ID
· NDI
· RV
· COT sharing information, FFS details
· FFS: other information including UE ID


This contribution addresses potential enhancements related to configured grants operation in NR-U some of which are already included in the TR 38.889.
Configured Grant UCI
In RAN1 Ad-Hoc 1901 [2], it was agreed that CG-UCI should at least include HARQ ID,	NDI, RV, and COT sharing information. In an attempt to access and transmit during a CG resource, a UE may perform LBT CAT-4 and as a result establish a COT. The COT established by the UE may be shared with the gNB, i.e. allowing the gNB to perform downlink transmissions after the CG transmission by the UE has completed. The COT sharing information could include at least the start and duration of the COT.
In a dense deployment, it may be possible that more than one UEs may be configured for the same configured grant resources. This may happen when a gNB overloads the configured grant resources in anticipation that a subset of the UEs would fail LBT. Similar to LTE LAA, the UE ID may be carried in UCI, so that the gNB can decode UL transmissions properly.
The UCI transmissions should be more reliable than data transmissions since UCI carries critical information to decode the subsequent TB. In both FeLAA and NR, UCI transmission in PUSCH is supported. However, the method defined in LTE LAA may not be applicable to NR directly due to numerology changes. The method defined in NR is based on beta offset values, which offer different transmission rates and size of physical resource elements to transmit UCI. However, UCI defined in NR is mainly used to carry HARQ ACK feedbacks and CSI reports etc. The mechanism should be modified and extended to support AUL-UCI information transmissions.
In unlicensed bands, a transmission may fail due to low SNR or collision with other UL transmissions. As such, mechanisms to enhance the reliability of CG-UCI transmission on PUSCH should be investigated. To better protect the UCI transmissions from failure due to low SNR, , the coding rate of the UCI can be increased. 
The chance for collision is not small especially in densely deployed environments. To better protect the UCI transmissions from failure due to collisions, configured grant resources for UCI transmissions should be scheduled in a manner that limits the chance of colliding with transmissions from other UEs or devices and given an opportunity to retransmit on identifying a collision. 
Proposal 1: NR-U should study mechanisms to enhance the reliability of CG-UCI transmission on PUSCH. 
DFI for Configured Grant
In FeLAA, AUL downlink feedback information (AUL-DFI) is specified to carry at least AUL HARQ feedback. HARQ feedback could include pending feedback for several uplink transmissions from the same UE, which enables aggregated HARQ ACK feedback for more than one TB to a UE. 
In NR, a gNB may use a toggled NDI in the DCI to implicitly signal the successful reception of a previously transmitted TB or multiple TBs, while the same NDI is used to request a retransmission. In the previous meetings, due to the desire for more efficient and lower latency acknowledgment, it was agreed that it would be beneficial to introduce DFI for configured grant operation in NR-U. 
In unlicensed band operation, once a UE acquires the channel through LBT, aggregated transmissions from the UE is more efficient. In RAN1#93 meeting, scheduling multiple TTIs for PUSCH using either a single UL grant or multiple UL grants was agreed. In this case, PUSCH transmission may have one TB or multiple TBs. To make HARQ retransmission more efficient, it is better to provide HARQ ACK feedback with finer resolution so that the gNB only retransmits the corrupted pieces. However, finer HARQ ACK feedback introduces more feedback signaling overhead. A mechanism to provide HARQ ACK feedback with the desired level of resolution for UL PUSCH(s) is needed for more efficient and lower latency acknowledgement. CBG level HARQ ACK feedback introduced in NR is a good solution to balance the feedback overhead and retransmission efficiency.
In the case of UE-shared COT, for downlink transmission, the gNB needs to perform an LBT procedure. LBT failure may introduce delayed HARQ-ACK feedback from the gNB to the UE. A mechanism to provide aggregated HARQ ACK feedback in response to one or more UL PUSCHs is desired for more efficient and lower latency acknowledgement. In RAN1#94 meeting [3], it was agreed to support DFI to include pending HARQ ACK feedback for prior configured grant transmissions from the same UE. In order to achieve such functionality from DFI, additional signaling is required so that gNB can unambiguously identify HARQ ACK feedback codebooks associated to prior transmissions.   
Collision Avoidance in CG Transmission
Consider an NR-U gNB that accesses an unlicensed channel after successfully performing an LBT procedure and has established a COT and plans for one or multiple PUSCH resources throughout the COT. 
· In grant-based (GB) transmission, the PUSCH resources are uniquely assigned to UEs. To transmit its pending TB, a UE does not compete with other UEs. However, the UE has to perform an LBT procedure with the appropriate category, e.g. CAT-3 or -4. If the channel is not idle at the UE side and consequently the LBT is not completed successfully, the UE cannot transmit at the scheduled PUSCH and the resources are left unused. 
· In configured grant (or grant-free) transmission, the PUSCH resources are assigned to possibly multiple UEs. In this case, the UE competes with other UEs that are also activated to access the same resource. Therefore, the UE needs to perform LBT in order to coexist with: (1) inter- and intra-RAT devices, and (2) the UEs that are also allowed to use the configured grant resources. 
Therefore, we believe that a more efficient use of configured grant uplink transmission is when multiple UEs are configured to access several configured grant resources. This is a direct consequence of the randomness that LBT brings. Therefore, if a UE has a choice in selecting one of a number of configured grant resources, it would enhance the resource allocation flexibility and the utilization of the resources, leading to overall channel access efficiency.
In situations where multiple UEs are configured to use one or multiple sets of configured grant resources, it is likelier that at least one UE performs LBT successfully and therefore gets the chance to transmit on the PUSCH resource assigned for a GF transmission. However, there is also a likelihood that more than one UE (after a successful LBT procedure) attempts to transmit on the configured grant resource and as consequence there would be collision of two or more UEs on the resource. This highlights the need for methods to enhance the reliability of configured grant transmission by means of contention resolution. 
In RAN1#94 meeting [3], it was identified as  beneficial to consider UE multiplexing and collision avoidance mechanisms between configured grant transmissions. 
A method for contention resolution among multiple UEs attempting to access the same configured grant resource may be based on a random backoff procedure. A UE attempting to minimize channel access would naturally attempt to immediately access the next resource. However, this would lead to collision if multiple UEs do so (considering a successful LBT completion). A random backoff procedure among the UEs would distribute access to the multiple upcoming GF PUSCH resources instead of the immediate next resource. This would be equivalent to backing off a random number of CG resources before attempting to transmit. While this may not minimize channel access for a given UE, it does so on an average sense for a set of UEs. Each UE may be RRC-configured with the range of random backoff numbers for a single or K-repetition configured grant. 
Proposal 2: To reduce collision on CG resources, NR-U to evaluate contention resolution methods such as random resource backoff.
[bookmark: _Hlk1046281]Another method for contention resolution among multiple UEs attempting to access the same GF PUSCH resource(s) is allocating a listen interval before PUSCH CG resource(s) as shown in Figure 1. In such a solution, in addition to whole BW LBT, a UE is expected to perform channel sensing at least across the bandwidth of the PUSCH CG resource and determine if another UE has already accessed the resource or not. By gaining such information, the UE then decides whether to access the resource or wait for another resource. The presence of such a listen interval also helps in collision avoidance between grant-based and configured grant transmission. Accordingly, the UE should be allowed to start transmission later than the starting symbol as indicated in configured grant based on LBT outcome.
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[bookmark: _Ref1047458]Figure 1: Randomly selected listen interval for the LBT to reduce collision among UEs configured to use the same GF PUSCH resource
Proposal 3: UE should be allowed to start transmission later than the starting symbol as indicated in configured grant based on LBT outcome.
Given the above trade-offs and possibilities, we believe that a mechanism should be considered for resolving the contention among multiple UEs attempting to access the same GF PUSCH resource. 
K-Repetition in Configured Grant 
Another aspect of configured grant in NR is the K-repetition feature, where a TB is transmitted in several consecutive configured grant PUSCH resources, with redundancy versions taken from a pre-configured redundancy version sequence. The K-repetition transmission helps to enhance reliability, and if the gNB decodes the TB in the middle of the K transmissions, it can inform the UE to stop transmitting the remainder of the K-repetition sequence. While the K-repetition feature of the NR configured grant enhances reliability in larger cells and in licensed bands, its applicability to NR-U operation should be further studied and its associated attributes, such as K, should be updated. This is due to the following differences in operation in licensed vs unlicensed bands. First, a UE needs to perform an LBT procedure for each of the K repetitions and care should be taken such that preferably all the K repetitions occur within the same COT. Second, the small-cell use case of NR-U may not require a large value for K.
We believe for a fair coexistence, appropriate LBT categories should be invoked during operation of configured grant. For type-1 GF uplink transmission, UE should perform an associated LBT procedure before transmission in a PUSCH resource. For type-2 GF uplink transmission, the gNB needs to first activate the GF transmission and to do so the gNB has to successfully perform an LBT procedure and then send the appropriate PDCCH to the UE, after which the UE is also subject to performing an appropriate LBT category before uplink transmission (note that the activation of a type-2 configured grant remains in effect until the gNB deactivates it for the UE). While performing an LBT procedure is necessary, whether the same LBT category should be involved for every of the K repetitions in the case of K-repetition configured grant should be further evaluated.
Considering the discussion above, we believe there are crucial differences in NR operation in licensed vs unlicensed bands that calls for a re-evaluation of K-repetition configured grant and its attributes. Therefore, we suggest to further study the K-repetition configured grant transmission and possibly update the relevant attributes for NR-U operation.
Proposal 4: NR-U to study the K-repetition procedure of CG transmission and possibly update the relevant attributes for NR-U use cases.
If the K-repetition feature is adopted for the NR-U configured grant procedure, there are cautions that need to be exercised at the UE side. For instance, due to COT and its maximum time duration, MCOT, if a UE initiates a K-repetition configured grant transmission, it is possible that one or several of the last repetitions may fall outside of the COT. Since the COT has expired, any transmission outside of the COT should be subject to a robust LBT procedure for better coexistence. In one situation, a UE may skip transmission of the few last repetitions that are outside of the COT.
Proposal 5: NR-U to study the procedure for K-repetition in UL configured grant when a few last repetitions may fall outside of a COT.    
Summary
In this contribution, we presented our views and proposals regarding NR-U configured grant operation.
Proposal 1: NR-U should study the mechanism to enhance the reliability of CG-UCI transmission on PUSCH. 
Proposal 2: To reduce collision on CG resources, NR-U to evaluate contention resolution methods such as random resource backoff.
Proposal 3: UE should be allowed to start transmission later than the starting symbol as indicated in configured grant based on LBT outcome.
Proposal 4: NR-U to study the K-repetition procedure of configured grant transmission and possibly update the relevant attributes for NR-U use cases.
Proposal 5: NR-U to study the procedure for K-repetition in UL configured grant when a few last repetitions may fall outside of a COT.    
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