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Introduction
The NR-U work item has started based on conclusions captured in TR38.889[1]. Configured grant, as one of the critical features for extending low latency service to unlicensed band, was described as follows during the approval of RP-182878[2]: 
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 NR_AH_1901, RAN1#96, RAN1#96bis, RAN1#97 and RAN1#98, the following agreements regarding enhancements for NR-U configured grant have been reached: 

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

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

Agreement:
When a UE initiates a channel occupancy with a transmission using a configured grant, it can signal at least the following
· The duration that the gNB is allowed to transmit in the channel occupancy initiated by the UE
· FFS: 
· How the duration is signalled
· Whether the UE should signal continued use of the COT for its own transmissions
· LBT priority class
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
Agreement:
For configured grant time domain resource allocation, the mechanisms in Rel-15 (both Type 1 and Type 2) are extended so that the number of allocated slots following the time instance corresponding to the indicated offset can be configured 
· FFS: How to indicate multiple PUSCHs within a slot.

Agreement:
· For DFI design for configured grants, support at least the following
· DFI including at least TB level HARQ-ACK bitmap for all UL HARQ processes 
· Note: Total number of HARQ processes is as defined in Rel-15
· FFS: CBG level HARQ-ACK feedback, if supported
· RRC configured minimum duration, D, from the ending symbol of the PUSCH to the starting symbol of the DFI carrying HARQ-ACK for that PUSCH
· Note: UE assumes HARQ-ACK is valid only for PUSCH transmissions ending before n-D, where n is the time corresponding to the beginning of the start symbol of the DFI. 
· FFS: the definition of minimum duration for the case of slot aggregation
· UE blind decoding complexity shall not be increased due to DFI size


We discuss the corresponding essential enhancements for configured grant in NR-U and concentrate on the following aspects in this contribution: 1) enhanced flexibility of resource allocation; 2) transmission adaptation; 3) CG-UCI contents and 4) HARQ-ACK DFI. This document is a revision of R1-1908768. 

Discussion
Time-domain resource allocation
As has been discussed in RAN1#97, despite there being agreement on the legacy time domain resource allocation scheme with potential enhancements on the improvement of transmission opportunity using a single configured offset, the specific solutions of how to support multiple starting positions within a single slot are still awaiting further discussion in order to increase channel access opportunities. 
Potential options for solving resource utilization inefficiency have been discussed in RAN1#AH1901 with corresponding consensus on two alternatives for the case where, uplink configured grant transmissions can be indicated to have a floating starting position: the starting position can either be : 1) one of a subset of symbols; 2) any symbol. To further clarify how to indicate PUSCH(s) for both mini-slot and slot-based cases, three alternatives are compared and discussed as follows. The three alternatives are illustrated in the figure below: 


Figure. Time domain resource allocation options for NR-U configured grant


· Mini-slot based single PUSCH scheduling in a slot
To maximally align with Rel-15 time domain resource allocation, PUSCH mapping type B could be adopted with flexible configuration of starting symbol and length within a slot, as shown in Figure a1). Since in Rel-15 configured grant configuration, only single PUSCH is allocated in a slot if periodicity is larger than 1 slot, channel access opportunities, however, are even worse than LTE-LAA, in which four channel accessing opportunities (symbol #0, #1, #7, #8) are allowed in a subframe. In order to enhance the design with more accessing opportunities, the approach of mini-slot based single PUSCH scheduling with multiple configured accessing positions shall be considered. Different from shortening the CG periodicity in Rel-15, e.g. 2 or 7 OFDM symbol periodicity, flexibly configured multiple mini-slot candidates would not excessively occupy the resources that could be used for the transmission of PRACH and SS block. Another benefit of the design is that no puncturing/rate matching, whose effect may be to decrease the decoding performance of the gNB, is needed. Figure a2) depicts resource allocation with consecutive mini-slots within a slot. 
Observation 1: Adopting mini-slot scheduling for a single PUSCH implies configuring many possible starting symbols within a single slot thereby increasing opportunities of UE channel access. 
· Mini-slot based multiple PUSCHs scheduling in a slot
In the NR Rel-15 specification, scheduling of multiple PUSCHs within a slot for either the same or different TB is supported for configured grant as a means of configuring symbol-grade resource allocation periodicity. As mentioned in the paragraph above, adopting short periodicity is likely to block the transmission of PRACH and/or SS block. By raising the concern of resource utilization efficiency, scheduling multiple PUSCHs in terms of mini-slot within a slot (figure b)), as a potential option, could provide more than one access opportunity in a slot while a reasonable periodicity is maintained.
On top of the advantages this alternative brings, it is necessary to clarify how to indicate these multiple PUSCHs within a slot, which is also captured in the FFS of the agreement made in RAN1#97. For the sake of implementation simplicity, we assume that the pattern of the number of allocated mini-slots within a slot is identical over successive slots except for the starting symbol. This is also to say the following configured mini-slots share the same length L with the initial configuration (first candidate) in PUSCH-TimeDomainResourceAllocation which includes K2, mapping type and SLIV. One option is implicit indication, which implies that the UE is allowed to access each mini slot by default until the end of the slot boundary. Meanwhile, gNB automatically monitors at each candidate position. Another option, on the contrary, indicates the CG to the UE explicitly by introducing a new parameter in RRC message (Type 1 and 2) or DCI (Type 2), e.g., repK0 to present the number of repeated mini-slots for CCA attempts.  It is also worth noting that except for the very first mini-slot based resource, the following consecutive candidate resources could be used for either same TB repetition or different TB transmissions whilst the UE has seized the opportunity of channel access. In this regard, the gNB shall maintain the monitoring of other configured candidate resources for the sake of continuous UL transmissions within a slot. 
Considering the motivation and implementation complexity for supporting TDMed PUSCHs in a single slot, we are not sure whether the requirement is so urgent that such a challenging UE capability needs to be supported, at least in the Rel-16 package. 
Observation 2: Scheduling TDMed PUSCHs in terms of mini-slots contributes to an increased probability for the UE to access the transmission opportunity, but is challenging in terms of UE implementation complexity.   
· Slot-based single PUSCH scheduling with (selected) symbol level starting position(s) in a slot
[bookmark: _Hlk20494416]To increase the channel access probability for a UE, a simple approach (shown in Figure c)) is to set every symbol within a slot as a candidate transmission position with the allocated length fulfilling S+L = 14, where S could be any symbol, i.e., #0, … #13. Compared with the above two options, the UE is capable of accessing transmission opportunities at the earliest possible time. By introducing a bitmap (FFS: 14 bits) in RRC, for instance, a symbol-level indication can be simply implemented, where bits within the bitmap indicate potential PUSCH starting locations. The bitmap-based approach means that the potential PUSCH starting locations are under the control of the gNB, allowing the gNB to control blind decoding complexity. 
Observation 3: Intra slot based bitmap indication of candidate transmission positions provides both improved channel access probability and simple implementation. 
Proposal 1: Multiple starting positions for the mini-slot based and slot-based schemes with single PUSCH configuration should be supported on top of Rel-15 mechanisms for time domain resource allocation. 

Frequency domain resource allocation
For the frequency-domain resource allocation, multiple active configured grant configurations may or may not be consecutive in frequency. From the UE’s perspective, the design of multiple active configured grant configurations aligns with wideband operation and corresponding channel access attempts are conducted on each subband (i.e., 20MHz), where only subband(s) passing a CCA check are allowed to transmit. In such a case, the available subband(s) could belong to a single or multiple configured grant configurations. In order to distinguish UL transmissions at the gNB, it is suggested that scheduling different transmission starting positions or non-identical DMRS configurations could be adopted. One concern raised from the design of supporting multiple configurations is the increased signaling overhead due to multiple configurations, in which case it is necessary to tradeoff between the increased transmission opportunities and the loss of configuration efficiency. 
Proposal 2: The configuration of multiple active configured grants is considered as one candidate approach for improving the number of transmission opportunities in the frequency domain. 

CG-UCI contents
Similar to the AUL-UCI of FeLAA, UE initiated parameters (i.e., HARQ ID, NDI, RV, COT sharing info. and possibly UE ID) should be included in CG-UCI piggybacked onto PUSCH, to facilitate flexible UL transmission subject to preconfigured resources and transmission periodicity. To further enhance this design in NR-U, an extension of the content of COT sharing information within CG-UCI is required. For example, indicating remaining COT information acquired by UE could help gNB to schedule DL signals/channels. 
Observation 4: UE could signal the transmission duration allowed for use by the gNB via CG-UCI. 
In addition to signaling of remaining COT information, The UE should signal to continue its use of the COT to gNB. The benefit of the indication is that there would be no mismatch in understanding of the use of the COT between the UE and gNB.
[bookmark: _Hlk21393464]Observation 5: It is beneficial for the UE to signal UL transmission duration in order to avoid mismatching between UE and gNB. 
In FeLAA, regardless of LBT priority class of UE acquired COT, the feature of AUL limits the DL transmission duration to up to 2 OFDM symbols within the UE acquired COT since only DL control information can be included. If NR-U could allow DL data transmission using shared COT acquired by UE, it is beneficial for the NR-U UE to signal its priority class once it has acquired the channel, helping PDCCH/PDSCH scheduling. DL channels has to be transmitted with equal or higher priority class compared with corresponding PUSCH transmissions from that UE since it is prohibited by the ESTI regulation to transmit DL channels with lower priority class . In addition, since maximum COT duration is determined by LBT priority class, LBT priority class could indicate implicitly UE-initiated COT duration.
Therefore, in the case of UE-to-gNB COT sharing, UE should indicate UL transmission duration (e.g. PUSCH start and end point/slot) and UE-initiated COT duration (e.g. LBT priority class) to gNB via CG-UCI.
Proposal 3: UL transmission duration (e.g PUSCH start and end point/slot) and UE-initiated COT duration (e.g. LBT priority class) should be signaled to gNB via CG-UCI.

HARQ-ACK CG-DFI
In RAN1#96, for PUSCH transmitted using configured grant, it was agreed that CBG-based retransmission is supported at least by using dedicated scheduled resources allocated by an UL grant. The procedure implies however, that a group of UL grants has to be signaled for different HARQ processes, which inevitably leads to an increased control signaling overhead. To mitigate this, CG resources could be used for the CBG-based retransmission for the sake of HARQ efficiency and overhead reduction. To be more specific, CG-DFI containing CBG-level feedback for all UL HARQ processes (if agreed) would facilitate the UE CBG-based retransmission on the CG resource in a more efficient manner. 
Proposal 4: Support CBG-based retransmission by using configured grant resource for Rel-16 NR-U. 
In RAN1#98, it was agreed that TB level HARQ-ACK bitmap for all UL HARQ processes is included in CG-DFI, and the CBG level HARQ-ACK feedback was pending for further study. Assuming full CBG-based HARQ-ACK feedback is to be also included in CG-DFI for all UL HARQ processes, the maximum payload size of CG-DFI (maxnrofHARQ-Processes * maxCodeBlockGroupsPerTransportBlock = 128) becomes larger than the current DCI format 0_0 and format 0_1. This implies contradicting the agreement in RAN1#98: that CG-DFI size would not lead to an increased UE blind decoding complexity.
To maintain the same size of CG-DFI as the existing DCI, a possible approach is to make the gNB determine the ratio of the number of HARQ processes corresponding to CBG level to the number for TB level HARQ-ACK feedback. The ratio, for example, can be configured as 10/6(CBG/TB), which results in a DFI payload of 86bits, comparable with DCI format 0_1. Another solution is to make the gNB enable CBG feedback for NACKed TBs only, which leads to a dynamic HARQ-ACK codebook in CG-DFI. However, if the majority or all the TBs are incorrectly received at the gNB, it shall figure out whether to disable CBG feedback for some TBs, e.g., the TB with the majority or all the CBGs NACKed. 
Proposal 5: CG-DFI shall enable a payload reduction mechanism if adopting CBG level HARQ-ACK feedback. 
Regarding CG-DFI related aspects for NR-U, RAN1#98 agreed the definition of minimum duration D, which is RRC configured from the ending symbol of the PUSCH to the starting symbol of the DFI carrying HARQ-ACK for the PUSCH. For the case of slot-based/non-slot based scheduling, UE only needs to acknowledge the validation of HARQ-ACK for the PUSCH transmissions at least D (symbols/slots/ms) after the ending of the PUSCH. For the case of slot aggregation, Rel-15 has defined such a scheduling mode for PUSCH repetition only in the way of PUSCH across consecutive slots which are configured by the higher layer parameter pusch-AggregationFactor[3]. For the configured grant, repK is used for the same purpose. 
By adopting slot aggregation, the UE repeats the TB across the repK consecutive slots (so-called “aggregated slots”) applying the same symbol allocation in each slot. Since the UE does NOT know whether the gNB is more likely to combine the PUSCHs in either part of or all the aggregated slots, the UE shall assume that the gNB combines the PUSCHs in all the aggregated slots. Therefore, for the case of slot aggregation, the minimum duration, D, configured by RRC shall be from the ending symbol of the PUSCH in the last available slot of aggregated slot to the starting symbol of the DFI carrying HARQ-ACK for the PUSCHs in the aggregated slots.
In the case that the aggregated slots are allocated outside the COT, as we raised an issue in [4], it has not been determined yet on how to handle the PUSCH repetition. Three alternatives are provided to figure this out; (1) Drop repetitions allocated outside the COT; (2) Support cross COT repetition; (3) Initiate repK by the UE. For (2), although it could be ensured that the number of repetitions is maintained, there may be a sharp increase in the RTT latency for the DFI feedback, especially in the case of a big gap between independent COTs. For (3), UE selects repK and signals the result to the gNB by using CG-UCI. Since it results in increased signaling overhead of CG-UCI (by adding more bits in the payload of UCI), (3) is not preferable. Therefore, (1) is the most preferable choice.
Proposal 6: For the case of slot aggregation, the minimum duration, D, configured by RRC shall be from the ending symbol of the PUSCH in the last available slot of aggregated slots to the starting symbol of the DFI carrying HARQ-ACK for the PUSCHs in the aggregated slots.
Proposal 7: For the case of slot aggregation, dropping PUSCH on aggregated slots outside COT should be introduced for the NR-U configured grant.
Conclusions
In this contribution, based on the above discussion we have the following observations and proposals:
[bookmark: _GoBack]Observation 1: Adopting mini-slot scheduling for a single PUSCH implies configuring many possible starting symbols within a single slot thereby increasing opportunities of UE channel access. 
Observation 2: Scheduling TDMed PUSCHs in terms of mini-slots contributes to an increased probability for the UE to access the transmission opportunity, but is challenging in terms of UE implementation complexity.
Observation 3: Intra slot based bitmap indication of candidate transmission positions provides both improved channel access probability and simple implementation.
Observation 4: UE could signal the transmission duration which is allowed to be used by gNB via CG-UCI. 
Observation 5: It is beneficial for the UE to signal UL transmission duration in order to avoid mismatching between UE and gNB. 
Proposal 1: Multiple starting positions for the mini-slot based and slot-based schemes with single PUSCH configuration should be supported on top of Rel-15 mechanisms for time domain resource allocation.
Proposal 2: The configuration of multiple active configured grants is considered as one candidate approach for improving the number of transmission opportunities in the frequency domain. 
Proposal 3: UL transmission duration (e.g PUSCH start and end point/slot) and UE-initiated COT duration (e.g. LBT priority class) should be signaled to gNB via CG-UCI.
Proposal 4: Support CBG-based retransmission by using configured grant resource for Rel-16 NR-U.
Proposal 5: CG-DFI shall enable a payload reduction mechanism if adopting CBG level HARQ-ACK feedback 
Proposal 6: For the case of slot aggregation, the minimum duration, D, configured by RRC shall be from the ending symbol of the PUSCH in the last available slot of aggregated slots to the starting symbol of the DFI carrying HARQ-ACK for the PUSCHs in the aggregated slots.
Proposal 7: For the case of slot aggregation, dropping PUSCH on aggregated slots outside COT should be introduced for the NR-U configured grant
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