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1 Introduction
In the RAN1#96bis meeting [1], the following agreements were made: 
	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 opportunies 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


This contribution discusses the remaining details of agreements and the aspects related potential enhancements on configured grant for NR-U. 

2 Resource Allocation for Configured Grant NR-U
2.1 Time Domain Resource Allocation
In the last meeting [1], four options for a time domain resource allocation were discussed. Basically, four options can be classified into NR Rel-15 based approach (Option 1 and 2) and bitmap based approach (Option 3 and 4). The key aspects which should be considered here are to allow consecutive resources and aperiodic resources for the flexibility. However, it is difficult to achive this goal by applying NR Rel-15 based approach directly to NR-U configured grant so that further enhancements and specification efforts are inevitable. 
On the other hand, bitmap based approach can give more suitable flexibility for NR-U in a simple and straightforward way with less specification effort. One major concern of this approach is an increased signaling overhead due to multiple SCSs. For example, for 40ms time domain resource allocation, a bitmap of 40/80/160 bits size is required for each SCS, respectively. However, it is questionable that the increase of bitmap size is a critical burden from RRC signaling perspective. If it is a problem, furthermore, some mechanisms which reduce the signaling overhead can be considered such as applying different granularity for each bit in bitmap or fixing the bitmap size with [X] regardless of SCS. 
Proposal 1: NR-U configured grant should support bitmap based the time resource allocation (Option 4).
2.2 Collision Avoidance
In RAN1#AH1901 meeting [3], it was agreed to support multiple UE starting time offsets with sub-symbol granularity based on FeLAA AUL approach to avoid the collision between configured grant and scheduled grant based transmission. As a collision avoidance mechanism, FeLAA determines a starting position of AUL using offset configured by eNB. Specifically, when a AUL UE is 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 MCOT, respectively. In the case where a AUL UE is configured with partial channel bandwidth, eNB indicates the exact starting offset value 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 MCOT, respectively. Basically, the similar approach can be introduced for the NR-U as a collision avoidance mechanism. However, OFDM symbol length is varied according to the subcarrier spacing. Hence, subcarrier spacing should be considered when the configured set for the starting position of configured grant transmission is defined (e.g., {34, 43, 52, 72, OS#2u} for AUL transmission within gNB MCOT where u is subcarrier spacing configuration index).
Proposal 2: For NR-U configured grant, starting position of configured grant transmission can be determined by the offset. Subcarrier spacing should be considered for determining the offset value.
2.3 Enhancements on Starting Position for Configured Grant Transmission
In RAN1#AH1901 [3], it was discussed whether to support multiple starting positions within a slot for a configured grant uplink transmission. It seems that allowing multiple starting positions have a benefit in aspect of channel access opportunity. However, there is a concern that supporting multiple starting positions would increase the decoding compleixty of gNB since gNB does not know when the UE starts uplink transmission in the configured grant resources. Hence, if multiple starting positions are supported in NR-U configured grant, it is desirable to study further about how to diminish the decoding complexty of gNB. Specifically, the number of possible starting positions can be restricted similar with FeLAA where PUSCH transmission can start at specific symbols (e.g., #0 or #6). Limitation on the possible candidates for starting position can decrease the number of decoding attemtps of gNB. In addition, methods which help gNB identify the starting positions such as front-loaded DMRS and UCI indication can be considered as a way of reducing the decoding processing burden of gNB.
Proposal 3: If NR-U configured grant supports multiple starting positions, the number of starting position candidates should be restricted.
2.4 Enhancements on Ending Position for Configured Grant Transmission
In FeLAA, the ending symbol of AUL PUSCH is configurable bewteen symbol #12 or #13. If the symbol #12 is configured as the ending symbol, the symbol #13 should be blanked which is used for creating LBT gap at eNB. In NR-U, a configurable ending symbol for configured grant transission is also desirable. The SCS and LBT type should be taken into account when the candidate ending symbols for NR-U configured grant are determined because unlike FeLAA, the number of required blanked symbols for LBT gap is different according to the subcarrier spacing. In other words, for 60kHz, last 2 symbols should be dropped to creat LBT gap for Cat 2. LBT while 1 symbol is enough if LBT is not required for DL transmission (e.g, gap bewteen UL and DL is less than or equal to 16us) or SCS is 15kHz/30kHz. Therefore, subcarrier spacing and LBT type should be considered in determining ending position of configured grant transmission.
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Figure 2. Required number of symbols for LBT gap with different SCSs
Proposal 4: For NR-U configured grant, subcarrier spacing and LBT type should be considered in determining ending position of configured grant transmission.
2 HARQ Enhancements
3.1 HARQ Operation
In the SI phase, it was identified to be beneficial to consider HARQ-ACK feedback operation of FeLAA as a baseline. Specifically, configured grant UE can select the HARQ process ID from a configured set of HARQ IDs and gNB can transmit HARQ-ACK feedback with DFI at least for the HARQ processes configured for configured grant. In FeLAA AUL, DFI indicates HARQ-ACK feedback based on HARQ-ACK bitmap for all HARQ process IDs including scheduled PUSCH and AUL PUSCH. Similarly, for NR-U configured grant, it is beneficial to consider bitmap based HARQ-ACK feedback including scheduled PUSCH in order to update contention window size for scheduled PUSCH. However, it should be carefully discussed whether or not to allow retransmission of scheduled PUSCH on configured grant resource by DFI.
Proposal 5: NR-U configured grant should support bitmap based HARQ-ACK feedback with DFI. HARQ ACK feedback for scheduled PUSCH can be included in DFI.
3.2 CBG-based Retransmission
In the RAN1#96bis meeting [2], it was agreed to support CBG-based retransmission at least by using dedicated scheduled resource allocated by an UL grant. However, it is still open whether to allow CBG-based retransmission using configured grant resource. If it is supported, CBG-based retransmission performs on the same resources where TB-based configured PUSCH transmitted, which results in resource waste. For example, even if single CBG fails, whole configured resource assigned for TB should be used for the single CBG retransmission. In addition, in NR-U, since CBG-based retransmission may occur frequently due to the hidden node and the support of flexible starting position, resource waste would be more severe. Hence, it is desirable not to support CBG-based retransmission using a configured grant resource. 
Proposal 6. CBG-based retransmission using a configured grant should not be supported for NR-U.
However, it still needs to discuss further whether to include CBG-based HARQ-ACK feedback in DFI or not since it can be exploited to the contention window size adaptation. In this case, significant signalling overhead of DFI would be expected so that a mechanism to reduce DFI bits should be considered. For example, when gNB configures maximum number of CBG per TB as 8 and the number of HARQ process IDs is 16, the number of HARQ-ACK bits in DFI would be 128. If the DFI is informed by one of DCI formats introduced for NR-U (e.g., UL grant for NR-U) and size of this DCI is not enough to accommodate the required number of bits for CBG-based HARQ-ACK feedback, a mechanism to reduce DFI bits should be considered. For example, bundling some of CBG-based HARQ-ACKs or limit the number of CBGs for configured grant based on the maximum DFI size could be considered.
Proposal 7: If CBG-based HARQ-ACK feedback is included in DFI, whether/how to minimize DFI size should be further studied.
3 UL-to-DL-COT Sharing
In the RAN1#96bis meeting [2], it was identified that the duration that a gNB is allowed to transmit in the COT initiated by a UE can be signalled to the gNB. To determine signalling details, it is worth noting that candidate signal/channels and its duration for DL transmission in the shared COT should be firstly clarified, which can be categorized as follows: 
1) Whether PDSCH can be transmitted in DL duration
2) Where is the starting position of DL duration
3) What is the maximum duration of DL transmission
In FeLAA, the eNB is allowed to transmit PDCCH only up to 2 symbol from a subframe boundary. It is mainly because PDCCH region in LTE is not configurable as NR. In NR, a CORESET/SS for PDCCH is configurable and can be located at any symbol in a slot. Therefore, it is quite obvious that PDCCH in the shared COT can be transmitted at least if the corresponding CORESET/SS is available. In addition, to maximize the resource utilization within the acquired COT, DL transmission including PDSCH over multiple slots can be considered as long as regulation allows.
Proposal 8: In NR-U, at least PDCCH only transmission with flexible starting position should be introduced.
In NR, for time domain resource allocation of PDSCH, gNB indicates one of indexes in a table where each index includes the slot offset, starting symbol and duration, which are configurable. Similarly, NR time domain resource allocation scheme can be considered as a baseline. For example, slot offset is used to indicate where the DL slot is located, and starting symbol and duration are used to indicate the position of the DL transmission. If more than one slots is allowed for DL transmission in the shared COT, modifications can be further considered.
Proposal 9: In NR-U, NR time domain resource allocation scheme can be considered as a baseline to indicate DL resource for UL-to-DL sharing.
PDCCH in FeLAA can be transmitted to the first 3 OFDM symbols in every DL subframe so that DL sharing is possible by only indicating the applicable subframe. Contrary to FeLAA, in NR, UE can perform PDCCH monitoring and receive PDCCH within a slot according to the CORESET/SS configuration. In other words, if UE indicates DL sharing to the slot(s) where CORESET/SS is not configured by gNB, UE cannot receive DL transmission. Thus, it would be required to take CORESET/SS configuration into consideration in the UL-to-DL sharing indication. One simple option is to limit UL-to-DL sharing to the slot where CORESET/SS is configured by gNB. However, this would restrict the opportunity of UL-to-DL sharing. The other possible option is to exploit temporal CORESET/SS configuration for the UL-to-DL sharing. If gNB configures temporal CORESET/SS configuration which can be active only in DL sharing slot(s), UL-to-DL sharing would be possible all the time regardless of CORESET/SS configuration.
Proposal 10: In NR-U, CORESET/SS configuration should be considered in UL-to-DL sharing indication. Introducing of temporal CORESET/SS configuration for UL-to-DL sharing can be possible option.
4 UCI for configured grant
In RAN1#AH1901 meeting [3], it was agreed CG-UCI should include at least the COT sharing information. Different than FeLAA, DL resource for UL-to-DL sharing of NR-U can be varied according to the flexible starting and/or ending position of configured PUSCH. Hence, COT sharing information should contain DL resource allocation information as follows:
· Time domain resource assignment value (e.g., SLIV).
· Slot duration indication if DL transmission over multi slots is supported.
· CORESET/SS related information if temporal CORESET/SS configuration is supported.
Regarding CORESET/SS related information, it would be possible to indicate DL resource for UL-to-DL sharing by indicating CORESET and/or SS index since valid PDCCH reception occasion is associated with CORESET/SS configuration.
Proposal 11: Time domain resource assignment value should be included in CG-UCI for the UL-to-DL sharing. Slot duration indication and CRESET/SS related information can be included according to the way of UL-to-DL sharing.
5 Conclusion
The proposals made in this contribution are summarized below:
Proposal 1: NR-U configured grant should support bitmap based the time resource allocation (Option 4).
Proposal 2: For NR-U configured grant, starting position of configured grant transmission can be determined by the offset. Subcarrier spacing should be considered for determining the offset value.
Proposal 3: If NR-U configured grant supports multiple starting positions, the number of starting position candidates should be restricted.
Proposal 4: For NR-U configured grant, subcarrier spacing and LBT type should be considered in determining ending position of configured grant transmission.
Proposal 5: NR-U configured grant should support bitmap based HARQ-ACK feedback with DFI. HARQ ACK feedback for scheduled PUSCH can be included in DFI.
Proposal 6. CBG-based retransmission using a configured grant should not be supported for NR-U.
Proposal 7: If CBG-based HARQ-ACK feedback is included in DFI, whether/how to minimize DFI size should be further studied.
Proposal 8: In NR-U, at least PDCCH only transmission with flexible starting position should be introduced.
Proposal 9: In NR-U, NR time domain resource allocation scheme can be considered as a baseline to indicate DL resource for UL-to-DL sharing.
Proposal 10: In NR-U, CORESET/SS configuration should be considered in UL-to-DL sharing indication. Introducing of temporal CORESET/SS configuration for UL-to-DL sharing can be possible option.
Proposal 11: Time domain resource assignment value should be included in CG-UCI for the UL-to-DL sharing. Slot duration indication and CRESET/SS related information can be included according to the way of UL-to-DL sharing.
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