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1. Introduction

In RAN1#97 meeting [1], 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.


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). The UE can assume that the K3 value is based on the processing capability (e.g., K1 or K2 value) or a default value (e.g., 4 slots) when K3 hasn’t be configured yet. 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. Time-domain resource allocation

In RAN1#97 meeting, it was agreed that 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. Figure 1 is an example of the case where the number of allocated slots is 2 and the periodicity is 4 slots.
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Figure 1. An example of configured grant time-domain resource allocation
If the S and L (indicated starting symbol and length of CGU-PUSCH) are applied to every CGU slots, same as Rel-15 configured grant, timing gap can be generated every slot and UE should perform LBT for the generated timing gaps. Hence, this allocation method may not be directly applied to the NR-U configured grant time-domain allocation since the LBT should be performed for timing gap between transmissions in unlicensed band. Therefore, time domain resource allocation parameters such as S and L need to be reinterpreted so that no timing gap between consecutive slots can be generated. 
One way to allocate CGU time domain resource without timing gap is that consecutive time resources are allocated from S in the first (transmitted) CGU slot to S+L in the last (transmitted) CGU slot. The CGU-PUSCHs can be transmitted on the starting position in the first (transmitted) CG slot and ending position in the last (transmitted) CGU slot, without any gap between transmitted CGU slot(s).
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Figure 2. An example of reinterpretation of SLIV with S=3 and L=6 for CGU PUSCH
Figure 2 depicts an example of CGU-PUSCH symbol allocation by the SLIV with starting symbol index of 3 and length of 6. The UE may transmit two consecutive CGU-PUSCHs without additional LBT from the symbol S (= 3) of the first slot to the symbol S+L (= 9) of the second slot. If the UE cannot transmit the CGU-PUSCH in the first slot (LBT#1 in the figure 2) due to LBT failure, it can try again in LBT#2 of the second slot and transmit the CGU-PUSCH according to the result of LBT. 
The benefit of this allocation method is that the starting and ending symbol index of CGU-PUSCH in each CGU slot can be aligned regardless of the number of CGU-PUSCHs to be transmitted or the position of CGU slots among the consecutively allocated slots. Moreover, the position of DMRS symbol in the CGU slot is also aligned in all allocated slots, and the CGU-UCI can be mapped to the same position. These advantages may result in a reduction in the CGU-PUSCH blind decoding burden and complexity of the gNB.
Proposal #2: Time domain resource allocation parameters S and L (where S is the starting symbol index and L is the length of PUSCH in a slot) are reinterpreted that the CGU transmission burst can be transmitted from symbol S in the first transmitted CGU slot to symbol S+L in the last transmitted CGU slot without any gap between transmitted CGU slots.
Proposal #3: DMRS symbol position is maintained in every transmitted CGU slot.
In addition, to provide more LBT opportunities within the slot, the multiple PUSCH within a slot can be considered. As in the Rel-15 configured grant, the periodicity shorter than a slot, e.g., 2 and 7 symbols, can be used to indicate multiple CGU-PUSCHs in the slot. But, if one of the periodicity values shorter than a slot (i.e., 2 and 7 symbols) is configured, the configured resources are present in every slot, which seems undesirable for NR-U in the following reasons: 1) Use case targeting low latency is not the main use case for NR-U and 2) Frequent resource allocation for configured grant can lead to increased collisions with dynamic grant based UL transmission and higher gNB’s implementation complexity to detect configured grant UL with shorter periodicity. 
Therefore, to cope with inefficiency of multiple CGU PUSCHs within a slot, on top of applying slot level allocation (as agreed in RAN1#97), multiple PUSCHs within a slot can be indicated to the allocated slots. In other words, to indicate a multiple PUSCHs within a slot, symbol-level periodicity can be configured together with the offset, the number of allocated slots, and slot-level periodicity.
2.3. UCI contents
Similar to AUL, UE can transmit the CGU-UCI on CGU PUSCH including at least HARQ process ID, NDI, and RVID. In our companion paper [2], it is discussed how to handle power imbalance problem between UE and gNB in case of UL-to-DL COT sharing. In detail, considering that NR UL transmit power is normally controlled by gNB to make reception power from multiplexed UEs balanced, if gNB is allowed to transmit DL burst within COT acquired by cell centre UE, gNB’s transmit power can be relatively larger than UEs’ transmit power, which may result in severe hidden node problem. To handle this problem, UE can carry the information about its UL transmit power in the CGU-UCI.
Proposal #4: To handle power imbalance problem between UE and gNB in case of UL-to-DL sharing, consider to carry the information about UE’s UL transmit power in the CGU-UCI.
If it is allowed to transmit PDSCH and/or PDCCH with duration larger than 2 symbols in the UE-initiated COT, it is necessary to include the information on the remaining COT in CGU-UCI. 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 CGU-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 CGU-UCI on the first CGU-PUSCH slot and the values of 7 and 2 can be included in CGU-UCI on the second CGU-PUSCH slot.
Proposal #5: Consider to 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 CGU-UCI.

2.4. UCI multiplexing on CGU-PUSCH
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. Similar to AUL, the consistent mapping position of CGU-UCI may have benefits in terms of reducing the blind decoding burden and complexity of the gNB by minimizing the effect of the starting/ending position of the CGU PUSCH. In order to apply the common UCI mapping position in all slots, it is necessary to perform UCI mapping based on symbols allocated by the SLIV in the first slot.
Referring to the reinterpretation of the SLIV in Section 2.2, it would be beneficial to maintain DMRS position in all transmitted slots since the firstly transmitted CGU-PUSCH always starts from symbol S. Another benefit obtained by maintaining DMRS position in all transmitted slots is to be able to have the common CGU-UCI mapping rule where CGU-UCI is mapped from the next symbol index of the first DMRS in every slot.
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Figure 3. An example of common CGU-UCI mapping in every slot
Figure 3 shows an example of a common CGU-UCI mapping in all slots, reinterpreting the SLIV as discussed in section 2.2. Note that if the sub-symbol level start position candidate is configured between the S and S+1 symbols as in the AUL, the position of DMRS and the position of CGU-UCI may be changed to S+1 and S+2 symbols, respectively. It is also necessary to consider the CGU-UCI and NR UCI mapping rule when NR UCI is piggybacked to CGU-PUSCH. The simple way is that after the CGU-UCI is mapped to the next symbol of first DMRS symbol and then the NR UCI is mapped by applying the Rel-15 NR UCI multiplexing rule on PUSCH except REs mapped with CGU-UCI.
Proposal #6: The CGU-UCI can be mapped from the next symbol of the first DMRS symbol. When the NR UCI is piggybacked on the CGU-PUSCH, the NR UCI is mapped by applying Rel-15 NR UCI multiplexing rule except the REs to which the CGU-UCI is mapped.
2.5. 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 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 CGU-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., 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. 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 CGU-DFI can indicate whether a HARQ process ID belongs to set A or set B.
Proposal #7: 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: Time domain resource allocation parameters S and L (where S is the starting symbol index and L is the length of PUSCH in a slot) are reinterpreted that the CGU transmission burst can be transmitted from symbol S in the first transmitted CGU slot to symbol S+L in the last transmitted CGU slot without any gap between transmitted CGU slots.

Proposal #3: DMRS symbol position is maintained in every transmitted CGU slot.

Proposal #4: To handle power imbalance problem between UE and gNB in case of UL-to-DL sharing, consider to carry the information about UE’s UL transmit power in the CGU-UCI.
Proposal #5: Consider to 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 CGU-UCI.

Proposal #6: The CGU-UCI can be mapped from the next symbol of the first DMRS symbol. When the NR UCI is piggybacked on the CGU-PUSCH, the NR UCI is mapped by applying Rel-15 NR UCI multiplexing rule except the REs to which the CGU-UCI is mapped.
Proposal #7: Adopt CBG based transmission for CGU considering how to configure control information such as CGU-DFI and CGU-UCI.
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