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Introduction
In RAN1 #94 [1], the following agreement has been reached: 

	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.


In this contribution, we would discuss some details related to configured grant for NR-U according to RAN1 agreement, and provide our views from RAN2 point of view.

Discussion 
For unlicensed band, UL dynamic scheduling transmission can increase the transmission delay and the transmission failure possibility due to at least two LBTs of UE and gNB. So, configured grant in NR can be considered for NR-U, which may decrease the number of LBTs performed and control signaling overhead. 

In NR, two types of transmission for configured grant are introduced, i.e. type 1 and type 2. 

-
Type 1: an uplink grant is provided by RRC, and stored as configured uplink grant;

-
Type 2: an uplink grant is provided by PDCCH, and stored or cleared as configured uplink grant based on L1 signalling indicating configured grant activation or deactivation.
The above two types for configured grant may also be used for NR-U. However, the configured grant transmission may be blocked due to LBT failure. Therefore, some enhancements need to be considered.

Proposal 1: Both type1 and type2 for configured grant in NR should be supported for NR-U, and some enhancements need to be considered.
2.1 transmission switch

In NR, the configured grant is used to perform new transmission, while retransmission for configured grant is based on UL dynamic grant. For NR-U, UL dynamic grant can still be used for configured grant retransmission with the same HARQ process, i.e. when decoding fails for configured grant transmission, gNB may transmit UL dynamic grant to UE for retransmission with the same HARQ process. However, when the first transmission using configured grant resource fails due to LBT, gNB cannot transmit dynamic grant to UE. Then, UE will not transmit this TB either. Therefore, besides retransmission via UL dynamic grant, retransmission via configured grant should also be supported for the same HARQ process.

Observation 1: Retransmission via UL dynamic grant resource is supported for a HARQ process that was initially transmitted via configured grant resource.

Observation 2: Retransmission via same configured grant resource is supported for a HARQ process that was initially transmitted via configured grant resource. 

As mentioned above, retransmission can be switched from configured grant to dynamic grant. However, whether or not retransmission can be switched from dynamic grant to configured grant is ambiguous. For retransmission switch from dynamic grant to configured grant, the following two options are considered.

Option1: initial transmission via dynamic grant, and retransmission via configured grant.

Option2: initial transmission via configured grant, and retransmission via dynamic grant, then retransmission later via configured grant.

For option1, TBS using configured grant resource may not be consistent with TBS using dynamic grant resource. If two TBSs are not consistent, retransmission will not be switched from dynamic grant to configured grant. Only when the same TBS is restricted, option1 is just feasible. In addition, for option 1 and option 2, a common issue is that UE needs to know when retransmission may be performed using configured grant resource because it does not know whether transmission is received successfully or not. Then some mechanisms need to introduced, e.g. HARQ feedback or timer.

Based on the analysis about two options above, considering the complexity, retransmission switching from dynamic grant  to configured grant should not be supported. 

Proposal 2: Retransmission using configured grant for transmission/retransmission using dynamic grant with the same HARQ process should not be supported. 
2.2 HARQ feedback

If retransmission via same configured grant is supported for a HARQ process that was initially transmitted via configured grant resource, HARQ feedback should be introduced. When UE receives NACK feedback, it may perform autonomous retransmission in the next configured grant resource. Meanwhile, in the past RAN1 meeting, the agreement on Introducing Downlink Feedback Information (DFI) including HARQ feedback for configured grant transmission was reached. Therefore, DFI including HARQ feedback for configured grant transmission/retransmission may be introduced.
Observation 3: DFI including HARQ feedback may be introduced for configured grant transmission/retransmission.
However, whether or not DFI including HARQ feedback may be used for UL dynamic grant transmission is FFS. And in RAN1 #94, the problem has also been  raised as follows.

	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.


In NR, when UE receives dynamic grant using configured grant HARQ IDs, configuredGrantTimer will be started and restarted. Only when configuredGrantTimer expires, UE will consider transmission successful and the corresponding HARQ ID can be released. 

If DFI includes HARQ ACK feedback for UL transmission scheduled by dynamic grant using configured grant HARQ IDs, the UE will release the HARQ ID when it receives the DFI with ACK, so that the corresponding HARQ ID can be released earlier without waiting for configuredGrantTimer expiration. 

In the following, according to configuredGrantTimer, DFI, or both applied for NR-U dynamic grant transmission, three options may be considered.

Option 1, DFI to include HARQ ACK feedback is used for dynamic grant transmission. 

Option 2, configuredGrantTimer is used for dynamic grant transmission.

Option 3, both configuredGrantTimer and DFI are used for dynamic grant transmission.

If option1 is used, when dynamic grant is received before configured grant transmission which is ready to be transmitted using the same HARQ ID with dynamic grant, there is a coexistence issue between configured grant and dynamic grant. And also, if DFI is missed due to LBT failures, then the HARQ ID cannot be released.

If option 2 is used, it is the same as current NR design. Both configured grant and dynamic grant using configured grant HARQ IDs use the same configuredGrantTimer with the same meaning. 

If option 3 is used, compared to option 2, even though HARQ ID can be released in time, DFI will lead to a control signaling overhead. Therefore, we think option 2 is a better choice.  

Proposal 3:  DFI including HARQ ACK feedback for dynamic grant using HARQ IDs configured for NR-U configured grant transmission should not supported.

Proposal 4: configuredGrantTimer can be reused for dynamic grant transmission using HARQ IDs configured for NR-U configured grant transmission.
2.3 Timer for configured grant transmission

In NR, configuredGrantTimer is used for configured grant transmission. If configuredGrantTimer is reused for configured grant transmission/retransmission in NR-U, when the timer is running, UE will not use configured grant resource for transmission/retransmission for this HARQ process, but wait for DFI or dynamic grant within the timer. When UE receives NACK feedback via DFI, it will stop the timer, and performs retransmission in the next configured grant resource. When the timer expires, UE assumes ACK, and release the HARQ process.

However, DFI or dynamic grant may be blocked due to LBT failure, some enhancements on DFI or dynamic grant transmission should be considered. For example, the scheme of the COT sharing may be used. After PUSCH is received, gNB can transmit DFI or dynamic grant within the same COT if indicated by UE. No LBT or one shot LBT will be performed at UL/DL switching point according to DFI process delay. 

In addition, if the configuredGrantTimer is reused for NR-U, gNB may only transmit NACK feedback. In this case, the overhead of control signaling will be significantly decreased since probability of NACK is much lower compared to that of ACK. Moreover, and this timer may be consistent with the timer used for dynamic grant transmission as proposed in proposal 4. Therefore, configuredGrantTimer may be considered for configured grant transmission/retransmission in NR-U.

Proposal 5: For NR-U, the configuredGrantTimer may be reused for configured grant transmission/retransmission.
Proposal 6: Some enhancements on DFI or dynamic grant transmission should be considered.

2.4 Time and frequency domain enhancements

In RAN1, the agreement for configured grant resource in time domain was reached. 
	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


For configured grant transmission in NR, repetition transmissions for a TB can be configured to UE by RRC, which is mainly used for URLLC service. For NR-U, transmission using configured grant may be blocked due to LBT failure, which increases transmission delay, so multiple time domain resources can be configured to UE similar to the repetition transmissions. UE can transmit PUSCH after a successful LBT before any of the candidate transmission opportunities scheduled by the configured grant, and gNB can perform blind detection on uplink data according to the configuration. 

Proposal 7: For NR-U, multiple candidate time domain transmission opportunities can be supported by configured grant.
In addition to multiple time domain transmission opportunities, multiple frequency domain opportunities may also be considered for NR-U. For example, multiple BWPs with configured grant may be configured to UE. When UL data arrives, UE can attempt to perform LBT in multiple BWPs according to the resource configuration for configured grant. If any of LBTs on multiple BWPs succeeds, UE may transmit on selected BWP(s).  More details may be further studied on multiple BWP transmission opportunities.
Proposal 8: For NR-U, multiple frequency transmission opportunities may be considered. 

2.5 Channel access priority
For dynamic grant, gNB may select channel access priority based on the latest BSR and received traffic when using CAT-4 LBT, and informs UE in UL grant. However, for configured grant, UE cannot indicate channel access priority to UE. In order to solve this problem, an approach that channel access priority for each UL LAA allowed logical channel can be configured via RRC Connection Reconfiguration as part of the Logical Channel Configuration in FeLAA may be reused, i.e. channel access priority class is configured to each logical channel when using CAT-4 LBT. For configured grant transmission, UE selects the lowest access priority class of the logical channel with MAC SDU multiplexed into the MAC PDU.
Proposal 9: For configured grant in NR-U, channel access priority class for each logical channel should be configured to UE.

Conclusion

In this contribution, we discussed configured grant procedure in NR-U, and have made the following proposals.

Proposal 1: Both type1 and type2 for configured grant in NR should be supported for NR-U, and some enhancements need to be considered.
Observation 1: Retransmission via UL dynamic grant resource is supported for a HARQ process that was initially transmitted via configured grant resource.

Observation 2: Retransmission via same configured grant resource is supported for a HARQ process that was initially transmitted via configured grant resource. 

Proposal 2: Retransmission using configured grant for transmission/retransmission using dynamic grant with the same HARQ process should not be supported. 

Observation 3: DFI including HARQ feedback may be introduced for configured grant transmission/retransmission.

Proposal 3:  DFI including HARQ ACK feedback for dynamic grant using HARQ IDs configured for NR-U configured grant transmission should not supported.

Proposal 4: configuredGrantTimer can be reused for dynamic grant transmission using HARQ IDs configured for NR-U configured grant transmission.
Proposal 5: For NR-U, the configuredGrantTimer may be reused for configured grant transmission/retransmission.
Proposal 6: Some enhancements on DFI or dynamic grant transmission should be considered.

Proposal 7: For NR-U, multiple candidate time domain transmission opportunities can be supported by configured grant.

Proposal 8: For NR-U, multiple frequency transmission opportunities may be considered. 

Proposal 9: For configured grant in NR-U, channel access priority class for each logical channel should be configured to UE.
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Both type1 and type2 for configured grant in NR may be used for NR-U, and some enhancements need to be introduced due to LBT. UE may autonomously select HARQ process, and retransmission may be performed via configured grant or dynamic grant resource for a HARQ process that was initially transmitted via configured grant resource.  Besides, DFI including HARQ feedback may be introduced, so that UE may perform transmission/retransmission via configured grant resource according to HARQ feedback. However, retransmission  using configured grant for transmission/retransmission using dynamic grant with the same HARQ process should not be supported considering the complexity.
The configuredGrantTimer in NR may be reused for configured grant transmission/retransmission and dynamic grant transmission in NR-U. When the timer is running, configured grant transmission/retransmission cannot be performed, and UE should wait for receiving DFI or dynamic grant. When the timer expires, UE assumes ACK to the corresponding transmission and releases the HARQ process. 

In addition, multiple opportunities for configured grant transmission should be introduced, e.g. multiple time domain transmission opportunities similar to multiple repetition transmissions, or multiple BWPs. 
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