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1. Introduction

In RAN1#98 and RAN1#98bis meeting [1][2], the following agreement was made for configured grants in unlicensed spectrum.
	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:
UE can only start transmissions accessing transmission opportunities provided by a configured grant at the configured/indicated starting position.
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

Agreement:
The number of separately encoded UCIs multiplexed in a PUSCH transmitted using a configured grant is not changed from Rel-15 (maximum of 3).

Working assumption:
CG-UCI is included in every CG-PUSCH transmission
Agreement:
The starting time offset applied by a UE at the beginning of a transmitted burst with a CG resource at the start of the transmission burst, is RRC configured and defined as the length of a CP extension of the first symbol that is located before the configured resource 

· Regardless of SCS, the CP extension is up to 72 micro seconds with a granularity of 9 micro seconds

Agreement:
CG-UCI is mapped as per Rel-15 rules with CG-UCI having the highest priority (CG-UCI is mapped on the symbols starting after first DMRS symbol)

Agreement:
To determine the number of REs used for CG-UCI, the mechanism of beta-offset in Rel-15 NR for HARQ-ACK on CG-PUSCH is reused.

· A new RRC parameter to configure the beta-offset for CG-UCI is defined. FFS: Value range

Agreement: 

CG-UCI is included in every CG-PUSCH transmission (confirms working assumption from RAN1#98)
Agreement:
· CG-UCI, CSI-part1, CSI-part 2 can be sent on CG-PUSCH at least when CG-UCI and HARQ-ACK feedback is not multiplexed on a CG-PUSCH


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 CG (configured grant for NR-U) can be included also in CG-DFI. Also, it is agreed that the minimum duration, D, from the ending symbol of the PUSCH to the starting symbol of the DFI carrying HARQ-ACK for that PUSCH is configured by RRC.
The UE can assume that the D value is based on the processing capability (e.g., K1 or K2 value) or a default value (e.g., 4 slots) when D hasn’t been configured yet. In other words, 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. 
For the definition of minimum duration for the case of slot aggregation, it seems desirable to define the minimum duration as until the last slot among aggregated slots. It may be a burden for the gNB to determine decoding success and failure by performing decoding for every aggregated slot. In addition, the gNB may try to decode the aggregated PUSCHs after the entire aggregated slot has been completely received.
Proposal #1: The UE can assume that the minimum duration D value is based on the processing capability (e.g., K1 or K2 value) or a default value (e.g., 4 slots) when D has not been configured yet.
In RAN1#98 meeting, it was agreed that UE blind decoding complexity shall not be increased due to DFI size. In the NR configured grant, activation and release PDCCH of type 2 configured grant can be validated by setting the special fields (NDI, HARQ process number, Redundancy version) in the DCI format to specific bits (e.g., set to all '0's or '1 's) with CS-RNTI as described in 38.213 Section 10.2. 
Since DFI carrying HARQ feedback for configured grant transmission was agreed to be introduced, the PDCCH validation rule between UL grant type 2 scheduling activation/release and DFI is required. Therefore, the special fields for PDCCH validation of UL grant type 2 scheduling activation/release can be reused and the validation of PDCCH for DFI can be achieved by setting the special fields as follows:
	
	DCI format 0_0/0_1

	NDI
	Set to ‘0’

	Redundancy version
	Set to all ‘1’s


Table 1. Special fields for DFI PDCCH validation
Proposal #2: DFI is transmitted with PDCCH format 0_0/0_1 scrambled by CS-RNTI. DFI can be differentiated with (de)activation by re-using special fields that are used for activation/release PDCCH validation such as NDI and redundancy version, as follows.

	
	DCI format 0_0/0_1

	NDI
	Set to ‘0’

	Redundancy version
	Set to all ‘1’


2.2. Time-domain resource allocation

It was agreed in RAN2#107bis that multiple active CG configuration should be allowed for NR-U. Therefore, the multiple PUSCHs within a slot can be allocated by the multiple active CG configurations having different PUSCH starting symbols and durations. For example, the two mini-slots having each 7 symbol durations in a slot can be allocated by the CG configuration A with S=0, L=7 and the CG configuration B with S=7 and L=7 where S and L are referred as to the PUSCH starting symbol index and PUSCH duration indicated by the SLIV, respectively and each CG configuration has the same offset and number of allocated slots. If the SLIV enhancement is needed for single CG configuration, the enhanced SLIV table for multi-TTI PUSCH scheduling can be adopted. 
Observation #1: Allocation of multiple PUSCHs within a slot can be achieved by activating multiple CG configurations, as agreed in RAN2#107bis.
2.3. UCI contents
In RAN1#98bis meeting, it is allowed to transmit PDSCH and/or PDCCH with duration larger than 2 symbols in the UE-initiated COT when the UE performs Cat-4 LBT with ED threshold configured by the gNB. One way to signal the remaining COT is to include the information for the remaining COT length and the number of slots to be occupied by the UE on CG-UCI. For example, the remaining COT length is 8 slots and the occupied slots by the UE is 3 slots, the values of 8 and 3 can be included in CG-UCI on the first CG-PUSCH slot and the values of 7 and 2 can be included in CG-UCI on the second CG-PUSCH slot.
In our companion paper [3], it is discussed that the ED threshold can be included in CG-UCI if a UE is allowed to use its own ED threshold even if there is ED threshold configured by gNB. Based on this information, the gNB can determine whether or not it can transmit PDSCH and/or PDCCH that is longer than 2 symbols in the UE-initiated COT. As an alternative way to carry ED threshold on CG-UCI, it can also be considered to inform the ED threshold by using the remaining COT length. For example, if the remaining COT length is signalled by 2 symbols, it means that up to 2 symbols PDCCH transmission is allowed in the UE-initiated COT. Other remaining COT lengths may imply that the PDSCH and/or PDCCH transmission longer than the 2 symbols are allowed in UE-initiated COT.
Proposal #3: Carry the information of the remaining length for COT acquired by a UE and the number of slots to be occupied by the UE on the CG-UCI.

Proposal #4: For a UE configured with ED threshold to be used for UE-initiated channel occupancy, if the UE is allowed to select between configured ED threshold and ED threshold calculated based on UE’s configured maximum transmission power, the UE indicates which ED threshold is used by applying at least one of the following options.

· Option 1: Explicit indication in CG-UCI

· Option 2: Implicit indication by restricting for the UE to carry up to 2 symbols for remaining channel occupancy length in CG-UCI
2.4. UCI multiplexing on CG-PUSCH
In RAN1#98bis meeting, it was agreed that CG-UCI is mapped as per Rel-15 rules with CG-UCI having the highest priority (CG-UCI is mapped on the symbols starting after first DMRS symbol). It was also agreed that CG-UCI, CSI-part1, CSI-part2 can be sent on CG-PUSCH at least when CG-UCI and HARQ-ACK feedback is not multiplexed on a CG-PUSCH. The remaining problem is to define the rule for when CG-UCI and HARQ-ACK feedback (and CSI-part1) are multiplexed on a CG-PUSCH. 
If there is only HARQ-ACK feedback to be multiplexed on CG-PUSCH, the CG-UCI can be mapped as per Rel-15 rules with CG-UCI having the highest priority and the HARQ-ACK can be mapped with second priority as CSI-part1 in Rel-15. It is also possible to reserve the REs for CG-UCI and the HARQ-ACK can be mapped as per Rel-15 rules or the HARQ-ACK can be mapped as CSI-part1 in Rel-15. When more than three types of UCIs are multiplexed on CG-PUSCH, the UE can drop the CSI-part2 or UE can perform joint encoding of two different of UCIs.
To minimize specification work, it is desirable that when CG-UCI, HARQ-ACK feedback, and CSI-part1 are multiplexed on a CG-PUSCH, the HARQ-ACK can be mapped with second priority as CSI-part1 in Rel-15 and CSI-part1 can be mapped with third priority as CSI-part2 in Rel-15. 
Another way is to consider joint encoding of two different types of UCIs among the piggybacked UCIs. The UE can be configured or indicated with a rule for which UCIs are jointly coded in the piggybacked UCIs and which beta offsets of the UCIs apply. Specifically, in case of CG-UCI and HARQ-ACK are jointly encoded, the beta offset for CG-UCI can be used and in case of HARQ-ACK and CSI-part1 are jointly encoded, the beta offset for HARQ-ACK can be used to achieve more reliability.
However, for the joint encoding between CG-UCI and HARQ-ACK, the problem of ambiguity on HARQ-ACK payload size can be occurred due to the miss detection of scheduling PDCCH(s). Therefore, if two UCIs are to be joint encoded, HARQ-ACK and CSI-part1 should be considered, which is already supported in Rel-15 PUCCH.
Proposal #5: When the CG-UCI, HARQ-ACK, and CSI-part1 is multiplexed on a CG-PUSCH, the HARQ-ACK and CSI-part1 can be mapped with second and third priority respectively such as CSI-part1 and CSI-part2 in Rel-15.
Proposal #6: If two UCIs are to be joint encoded, HARQ-ACK and CSI-part1 should be considered which is already supported in Rel-15.
2.5. Impact of LBT on power headroom report

In RAN1#98bis meeting, PHR issue was discussed based on LS from RAN2 [4]. To be specific, it was to handle the ambiguity between type 1 PHR and type 3 PHR for the case where UE transmits CG-PUSCH on NR-U cell which carries PHR of the other cell configured with SUL. This ambiguity issue is caused by UE implementation that UE retransmits CG-PUSCH which was constructed for the previous slot but not transmitted in the previous slot due to LBT failure. It should be noted that with the same reason, UE may have the ambiguity between actual PHR and virtual PHR for the case where UE transmits CG-PUSCH on NR-U cell which carries PHR of the other cell. Since those two ambiguity issue brought up by the same motivation, they should be resolved based on the same manner. One of possible solutions is up to UE implementation, as in FeLAA, which implies UE may regenerate new TB and MAC CE to update PHR. The other possible solution is to fix PHR type to get rid of potential ambiguity problem between gNB and UE.
Proposal #7: In order to handle the ambiguity between type 1 PHR and type 3 PHR for the following case 1 or the ambiguity between actual PHR and virtual PHR for the following case 2,
· Case 1) UE transmits CG-PUSCH on NR-U cell which carries PHR of the other cell configured with SUL

· Case 2) UE transmits CG-PUSCH on NR-U cell which carries PHR of the other cell

UE determines PHR type for above two cases by applying one of the following two alternatives.
· Alt 1: It is up to UE implementation.

· Alt 2: UE always reports type 1 PHR for the other cell configured with SUL in the above case 1 and virtual PHR for the other cell in the above case 2.
In addition, similar ambiguity can be occurred for the case where UE transmits PUSCH in a slot on a serving cell which carries PHR of a NR-U cell where CG-PUSCH is configured for the NR-U cell in the slot. In this case, UE can simply report virtual PHR for the NR-U cell.
Proposal #8: In order to handle the ambiguity between actual PHR and virtual PHR in case that UE transmits PUSCH in a slot on a serving cell which carries PHR of a NR-U cell where CG-PUSCH is configured for the NR-U cell in the slot, UE always reports virtual PHR for the NR-U cell.
2.6. CBG based transmission for CG
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 CG 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 CG PUSCH are allowed in NR-U, it would be favorable to retransmit CBG(s) only belonging to the not-transmitted symbols.
In RAN1#96 meeting, it was agreed that for PUSCH transmitted using configured grant, CBG-based retransmission is supported at least by using dedicated scheduled resource allocated by an UL grant. If CBG-based retransmission is supported only by using dedicated scheduled resource allocated by an UL grant, the gNB may need to transmit the multiple UL grants to indicate retransmission for the HARQ processes having NACKed CBG(s). However, the CBG-based retransmission using a configured grant can reduce the signaling overhead and increase retransmission efficiency since they can be retransmitted using a configured resource without UL grant based on the CBG-level HARQ-ACKs in the CG-DFI. Therefore, it would be beneficial to support CBG-based retransmission using a configured grant resource.
In order to support CBG-based retransmission using a configured grant resource, we may need to consider how to configure control information (e.g., CG-DFI, CG-UCI). For example, CBGTI bits in the CG-UCI can be introduced for UE to inform gNB which CBGs are/were transmitted. For another example, CBG-level HARQ feedback via CG-DFI can be adopted for UE to retransmit the NACKed CBGs based on the CG-DFI. Moreover, if CBG-level HARQ-ACK feedback by CG-DFI is adopted, it is necessary to devise the way to reduce the signaling overhead. For an example, gNB can include the CBG-level HARQ-ACKs for a limited number of HARQ process IDs or TB-level HARQ-ACKs for granted UL transmission even in case where CBG (re)transmission is configured for granted UL transmission. For another example, the gNB may provide TB-level HARQ-ACK for set A of HARQ process IDs and CBG-level HARQ-ACK for set B of HARQ process IDs where a bitmap in CG-DFI can indicate whether a HARQ process ID belongs to set A or set B.
Proposal #9: Adopt CBG based transmission for CG considering how to configure control information such as CG-DFI and CG-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 observation and proposals are as follows.
Observation #1: Allocation of multiple PUSCHs within a slot can be achieved by activating multiple CG configurations, as agreed in RAN2#107bis.
Proposal #1: The UE can assume that the minimum duration D value is based on the processing capability (e.g., K1 or K2 value) or a default value (e.g., 4 slots) when D has not been configured yet.

Proposal #2: DFI is transmitted with PDCCH format 0_0/0_1 scrambled by CS-RNTI. DFI can be differentiated with (de)activation by re-using special fields that are used for activation/release PDCCH validation such as NDI and redundancy version, as follows.

	
	DCI format 0_0/0_1

	NDI
	Set to ‘0’

	Redundancy version
	Set to all ‘1’


Proposal #3: Carry the information of the remaining length for COT acquired by a UE and the number of slots to be occupied by the UE on the CG-UCI.

Proposal #4: For a UE configured with ED threshold to be used for UE-initiated channel occupancy, if the UE is allowed to select between configured ED threshold and ED threshold calculated based on UE’s configured maximum transmission power, the UE indicates which ED threshold is used by applying at least one of the following options.

· Option 1: Explicit indication in CG-UCI

· Option 2: Implicit indication by restricting for the UE to carry up to 2 symbols for remaining channel occupancy length in CG-UCI

Proposal #5: When the CG-UCI, HARQ-ACK, and CSI-part1 is multiplexed on a CG-PUSCH, the HARQ-ACK and CSI-part1 can be mapped with second and third priority respectively such as CSI-part1 and CSI-part2 in Rel-15.

Proposal #6: If two UCIs are to be joint encoded, HARQ-ACK and CSI-part1 should be considered which is already supported in Rel-15.
Proposal #7: In order to handle the ambiguity between type 1 PHR and type 3 PHR for the following case 1 or the ambiguity between actual PHR and virtual PHR for the following case 2,
· Case 1) UE transmits CG-PUSCH on NR-U cell which carries PHR of the other cell configured with SUL

· Case 2) UE transmits CG-PUSCH on NR-U cell which carries PHR of the other cell

UE determines PHR type for above two cases by applying one of the following two alternatives.

· Alt 1: It is up to UE implementation.

· Alt 2: UE always reports type 1 PHR for the other cell configured with SUL in the above case 1 and virtual PHR for the other cell in the above case 2.
Proposal #8: In order to handle the ambiguity between actual PHR and virtual PHR in case that UE transmits PUSCH in a slot on a serving cell which carries PHR of a NR-U cell where CG-PUSCH is configured for the NR-U cell in the slot, UE always reports virtual PHR for the NR-U cell.
Proposal #9: Adopt CBG based transmission for CG considering how to configure control information such as CG-DFI and CG-UCI.
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