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1. Introduction

In RAN1#94 meeting [1], the following agreement was made for configured grants in unlicensed spectrum.
	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

Agreement:
UE selects the HARQ process ID from an RRC configured set of HARQ IDs for NR-unlicensed configured grant transmission.

Agreement:
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.

Agreement:
· 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.

Agreement:

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.
Agreement:
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.

Agreement:
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.  


In this contribution, we discuss the potential enhancements to configured grant in NR-U operation.

2. Configured grant procedures in NR-U
2.1. Downlink feedback information (DFI)
It was agreed to introduce DFI carrying HARQ feedback for configured grant transmission. Similar to DFI introduced for FeLAA (i.e., AUL-DFI), HARQ-ACK information corresponding to HARQ processes at least configured for CGU (configured grant for NR-U) can be included also in CGU-DFI. 
For AUL-DFI, HARQ-ACK information for an AUL PUSCH transmitted at subframe n is not expected before subframe n+4 with the assumption that the minimum HARQ RTT is equal to 8 msec and HARQ delay at UE side is the same with HARQ delay (i.e., 4 msec) at eNB side. In NR, gNB scheduler can configure timing relationship between UL grant and corresponding PUSCH transmission (also between PDSCH and UL HARQ feedback) even shorter than 4 msec. Therefore, the earliest timing (denoted as K3 slots) from CGU PUSCH to CGU-DFI can be set to be shorter than 4 msec and K3 value can be configured by gNB (e.g., via separately signalled value or minimum among configured K1/K2 values. In other words, if a UE receives a CGU-DFI at slot n, HARQ-ACK information in the CGU-DFI corresponding to HARQ process IDs corresponding to CGU PUSCHs from slot n-K3+1 is not valid to the UE.
Proposal 1: The earliest timing (denoted as K3 slots) from CGU PUSCH to CGU-DFI is configured by gNB and it can be configured to be shorter than 4 msec.
2.2. UCI on CGU-PUSCH
Similar to AUL, UE can transmit the CGU-UCI on CGU PUSCH including at least HARQ process ID, NDI, and RVID. In FeLAA, the mapping position of AUL-UCI is always from the second symbol to the second last symbol to minimize the effect of multiple starting/ending symbol positions of AUL PUSCH. If more starting/ending positions for CGU PUSCH are allowed in NR-U, additional consideration for CGU-UCI mapping can be necessary to avoid puncturing of the CGU-UCI due to the LBT failure. For instance, as shown in Figure 1, the CGU-UCI can be mapped after the last PUSCH starting position in the slot. 
The position of DM-RS for the PUSCH should also be considered in the CGU-UCI mapping. To be specific, CGU-UCI can be mapped close to DM-RS symbol to guarantee its reliability. In addition, if NR-UCI (including HARQ-ACK, CSI part 1, and CSI part 2) can be piggybacked on CGU-PUSCH, we also need to consider how to multiplex NR-UCI with CGU-UCI. For instance, if HARQ-ACK is piggybacked on CGU PUSCH, the CGU-UCI can be firstly mapped close to DM-RS symbol and then HARQ-ACK can be mapped.
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Figure 1. Example of CGU-UCI mapping after the last PUSCH starting position
Proposal 2: For CGU-UCI mapping on CGU PUSCH, consider multiple starting/ending positions and the position of DM-RS for CGU PUSCH and multiplexing with NR-UCI (including HARQ-ACK, CSI part 1, and CSI part 2).
2.3. Flexible time-domain resource allocation
In NR, the time-domain resource allocation for configured grant is given by the combination of offset value from SFN=0 and symbol-level periodicity. To increase flexibility for time-domain resource allocation, it can be considered to allocate the time-domain resource by using a bitmap for a fixed period time as in FeLAA. However, different from FeLAA, we need to consider various numerologies for bitmap based time domain resource allocation. For example, the bitmap with fixed size can be interpreted as a scalable manner with respect to numerology (e.g., one slot allocation for each bit in case of 15 kHz SCS and two slot allocation for each bit in case of 30 kHz SCS), or different bitmap size can be configured for each SCS (e.g., 40-bit bitmap for 15 kHz SCS and 80-bit bitmap for 30 kHz SCS).
Proposal 3: Adopt bitmap based time domain resource allocation considering various numerologies for CGU PUSCH.
2.4. CBG based transmission for CGU
In NR, CBG based transmission has been introduced where UE provides HARQ-ACK feedback for each CBG and gNB can retransmit the only NACKed CBGs rather than the whole TB. It is useful for large TB scenario and especially when some CBGs are punctured by URLLC or time-selective interference. This mechanism can be realized by CBGTI (CBG transmission indication) in scheduling DCI, for a retransmission of a TB, the bit value ‘0’ means that the corresponding CBG is not transmitted/not to be transmitted and ‘1’ indicates that it is transmitted/to be transmitted for DL/UL.
In NR-U, it would be beneficial to adopt CBG based transmission not only for PDSCH/PUSCH but also for CGU PUSCH in that it is robust against bursty (or short-term) interference and can significantly increase the retransmission efficiency. In addition, since some symbols may not be transmitted due to LBT failure (e.g., puncturing) if multiple starting positions for CGU PUSCH are allowed in NR-U, it would be favorable to retransmit CBG(s) only belonging to the not-transmitted symbols. In order to support efficient CBG based transmission for CGU, we may need to consider how to configure control information (e.g., CGU-DFI, CGU-UCI). For example, CBGTI bits in the CGU-UCI can be introduced for UE to inform gNB which CBGs are/were transmitted. For another example, CBG-level HARQ feedback via CGU-DFI can be adopted for UE to retransmit the NACKed CBGs based on the CGU-DFI. Moreover, if CBG-level HARQ-ACK feedback by CGU-DFI is adopted, it is necessary to devise the way to reduce the signaling overhead (e.g., CBG-level HARQ-ACK for a limited number of HARQ process IDs or TB-level HARQ-ACK for granted UL transmission).
Proposal 4: Adopt CBG based transmission for CGU considering how to configure control information such as CGU-DFI and CGU-UCI.
3. Conclusion
In this contribution, we discussed technical points to be discussed for the support of configured grant transmission in NR unlicensed operation, and proposals are as follows.
Proposal 1: The earliest timing (denoted as K3 slots) from CGU PUSCH to CGU-DFI is configured by gNB and it can be configured to be shorter than 4 msec.

Proposal 2: For CGU-UCI mapping on CGU PUSCH, consider multiple starting/ending positions and the position of DM-RS for CGU PUSCH and multiplexing with NR-UCI (including HARQ-ACK, CSI part 1, and CSI part 2).
Proposal 3: Adopt bitmap based time domain resource allocation considering various numerologies for CGU PUSCH.
Proposal 4: Adopt CBG based transmission for CGU considering how to configure control information such as CGU-DFI and CGU-UCI.
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