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1. Introduction

In RAN1#96 and RAN1#96bis meeting [1] [2], the following agreement was made for configured grants in unlicensed spectrum.
	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

1) 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

2) The duration that the gNB is allowed to transmit in the channel occupancy initiated by the UE
3) 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 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



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. UCI on CGU-PUSCH
In our companion paper [3], 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 center 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. 
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: To handle power imbalance problem between UE and gNB in case of UL-to-DL sharing, the information about UE’s UL transmit power is carried in the CGU-UCI.
Proposal #3: 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 RAN1#96bis meeting, four options were discussed for configured grant resource configuration in time domain. Before down-selection among the options, it is necessary to investigate the advantages and disadvantages of configured grant time domain resource allocation mechanisms in each option. 
For Option 2, even though the multiple active configurations in a BWP may provide some flexibility in resource configuration, it can not be directly applied to the NR-U configured grant time-domain allocation. For example, if one of the periodicity values shorter than 1 slot (i.e., 2 and 7 symbols) is configured, the configured resources are present in every slot, which seems undesirable for NR-U in that

1) Use case targeting low latency is not the main use case for NR-U.
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, the issue that all slots are activated for configured grant with the periodicity values shorter than or equal to 1 slot should be resolved, e.g., by disabling some of configured slots, even though Option 2 is adopted. Moreover, the bitmap based method can provide more flexible resource allocation to assign or exclude certain slots/mini-slots compare to the multiple NR Rel-15 configurations.
For Option 3, the multiple offsets within an active configuration and duration of transmission for an offset can be used to allocate configured grant time domain resource in addition to the Rel-15 baseline. Depending on the configuration, a number of offset values may need to be configured. For instance, if it is necessary to allocate all 40 slots within a periodicity of 40 slots for configured grant time domain resource allocation by using the RRC configured bitmap, only 40 bits are enough for the resource allocation. However, for Option 3, 40 separate offset values has to be configured for identical configuration, which implies that Option3 requires more RRC signalling overhead compared to bitmap based time domain resource allocation such as Options 1 and 4.
Proposal #4: The Options 2 and 3 are not considered for configured grant time domain resource allocation in NR-U.
For Option 4 (the bitmap based time-domain resource allocation), the starting and ending positions of CGU PUSCH can be configured by higher layer signaling (e.g., RRC signaling) similar to FeLAA. In case that the specific starting and ending symbol indices in the slot are configured by RRC, the UE may transmit CGU PUSCH according to the (starting/ending) configuration in each CGU slot. 

To provide more LBT opportunities within the slot while allocating the configured resources flexibly based on the bitmap based time-domain resource allocation, the symbol-level granularity (i.e., 2 or 7 or 14 symbols) of configured resources can be configured together with bitmap. For example, if the symbol-level granularity is configured by 7 symbols, at most two 7-symbol resources can be configured in every CG slot that corresponds to slot-level (or slot group-level) resource allocation based on bitmap. 
For Option 1, it is a form of a combination of the bitmap based approach and NR Rel-15 configuration. In other words, on top of the configured periodicity and configured/indicated slot offset of an NR Rel-15 UL configured grant, an RRC configured bitmask is applied to indicate which configured grant time resources are enabled/disabled. It should be noted that Option 1 is identical to Option 4 for the periodicities 2, 7, or 14 symbols. However, for the periodicities other than 2, 7, or 14 symbols, Option 4 seems more flexible compared to Option 1 since time domain resource allocation for Option 4 does not rely on periodic pattern defined for Rel-15 NR configure grant.
In addition, for both of Options 1 and 4, 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).
In summary, our proposal on time-domain resource allocation for configured grant is follows:
Proposal #5: For configured grant resource configuration in time domain, Option 4 is preferred and the proposed mechanism is as follows:
· The slot-level (or slot group level) bitmap based time domain resource allocation can be configured by higher layer signalling (e.g., RRC signalling).

· Each bit in the bitmap can be interpreted as a single slot regardless of numerology or 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)
· The symbol-level granularity (2 or 7 or 14 symbols) of configured resource and the starting and ending positions of CGU PUSCH can be configured together with bitmap.

· The CGU-PUSCH can start transmission 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). Especially for 2 or 7 symbol granularity, the candidates for the starting position in a slot can be the configured starting position or every 2 or 7 symbols after the configured starting position.

2.4. Multiple starting positions for CGU

In RAN1#AH1901 meeting [1], it was discussed that support allowing the UE to start transmission later than the starting symbol as indicated in configured grant based on LBT outcome. It should be considered that the complexity and signalling overhead of gNB and UE may increase to support multiple start positions for CGU. 

The complexity of gNB is increased due to blind decoding for multiple starting positions of CGU in case that UE doesn’t indicate starting position of CGU. Even if the UE indicates starting position to gNB, UE complexity also can be increased since the UE needs to regenerate the signalling on the starting position of CGU PUSCH depending on its actual starting position. In this regards, it is desirable to minimize the multiple starting positions and support at most two starting positions (e.g., half slot granularity) for CGU. 
Meanwhile, the multiple starting positions of CGU can be determined depending on the symbol-level granularity (i.e., 2 or 7 or 14 symbols) of configured resources. For example, in case of symbol-level granularity is 7 symbols, even the UE fails to LBT at the slot boundary, the UE can try channel access attempt at the second transmission occasion.
Proposal #6: If the UE is allowed to start transmission later than the starting symbol as indicated in configured grant based on LBT outcome, at most two starting points can be considered.
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: To handle power imbalance problem between UE and gNB in case of UL-to-DL sharing, the information about UE’s UL transmit power is carried in the CGU-UCI.
Proposal #3: 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 #4: The Options 2 and 3 is not considered for configured grant time domain resource allocation in NR-U.
Proposal #5: For configured grant resource configuration in time domain, Option 4 is preferred and the proposed mechanism is as follows:
· The slot-level (or slot group level) bitmap based time domain resource allocation can be configured by higher layer signalling (e.g., RRC signalling).

· Each bit in the bitmap can be interpreted as a single slot regardless of numerology or 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)
· The symbol-level granularity (2 or 7 or 14 symbols) of configured resource and the starting and ending positions of CGU PUSCH can be configured together with bitmap.

· The CGU-PUSCH can start transmission 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). Especially for 2 or 7 symbol granularity, the candidates for the starting position in a slot can be the configured starting position or every 2 or 7 symbols after the configured starting position.
Proposal #6: If the UE is allowed to start transmission later than the starting symbol as indicated in configured grant based on LBT outcome, at most two starting points can be considered.

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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