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1 Introduction

In WID RP-182878, regarding configured grant enhancements, it says:

“- 
Configured Grant operation: NR Type-1 and Type-2 configured grant mechanisms are the baseline for NR-U operation with modifications in line with agreements during the study phase (NR-U TR section 7.2.1.3.4). (RAN1)”
In TR 38.889, section 7.2.1.3.4, regarding the enhancements of configured grant, it further says:
NR already defined Type-1 and Type-2 configured grant mechanism. For NR-U, there is no necessity to exclude Type-1 or Type-2 configured grant mechanism for operation of NR in unlicensed spectrum.

The following modifications to the configured grant procedures are beneficial. 

-
Removing dependencies of HARQ process information to the timing. This can be achieved by introducing UCI on PUSCH to carry HARQ process ID, NDI, RVID

-
Additional information fields can be considered to be included in the UCI, e.g. UE-ID, COT sharing information, PUSCH duration, etc.

-
It was identified that the resources utilized by the UCI, and multiplexing of UCI and data information of PUSCH require consideration of DMRS placement and starting and ending symbols of the configured grant based transmissions. Details on multiplexing UCI and data information of configured grant PUSCH can be determined when specifications are developed.

-
Introducing Downlink Feedback Information (DFI) including HARQ feedback for configured grant transmission

-
Increased flexibility on time domain resource allocation for the configured grant transmissions

-
As for potential solutions to providing flexibility on time domain resource allocation, bitmap based approach and NR Rel-15 based time domain resource allocation approach, which includes {periodicity, offset in the frame, start symbol and length of PUSCH and K-repetition signaling}, are identified as potential candidates. Additional aspects such as finer granularity of resource allocation, and multiple resources within a period may be considered for enhancing flexibility on time domain resource allocation.-
Supporting retransmissions without explicit UL grant

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

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

It is identified to be beneficial to support DFI to include pending HARQ ACK feedback for prior configured grant transmissions from the same UE. 

It was identified that it is problematic for the UE to assume ACK in absence of reception of feedback, which may include explicit feedback or feedback in the form of uplink grants. It was additionally identified that assuming NACK upon timer expiration can be a candidate solution to avoid LBT impact on reception of feedback. It was also identified that possible conflicts, with respect to NDI and RNTI for the same HARQ process, between configured grant transmission and scheduled grant transmission may have to be addressed. Details can be determined when specifications are developed.
For the retransmission of a HARQ process that was initially transmitted via configured grant resource, both retransmission via same configured grant resource and retransmission via resource scheduled by UL grant are supported.

UE may autonomously initiate retransmission for a HARQ process that was initially transmitted via configured grant mechanism for NR-unlicensed when it receives NACK feedback via DFI for the corresponding HARQ process.

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. 

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.  

It was identified that CBG based retransmissions for configured grant based transmissions is beneficial. Details on which CBG related control information is transmitted as part of DFI and UCI, and how such control information is conveyed through DFI and UCI can be determined when specifications are developed.

It was identified that collision avoidance between configured grant and scheduled grant based transmission can be achieved by management of starting point of the transmission for configured grant and scheduled grant based transmission. Further details on the management of the starting point of the transmission can be determined when specifications are developed.

It was identified that sharing resources with gNB within COT(s) that is acquired by UE(s) as part of configured grant based transmissions should be supported. It was also identified that allowing configured grant based transmissions within a gNB acquired COT should be supported. Details of identification of situations when COT(s) sharing is possible and the details of potential resource sharing mechanisms and rules can be determined when specifications are developed.
It can be observed that most of the agreements try to align the design with AUL introduced in feLAA. In this paper, we discuss our views on further enhancements in addition to what have been agreed.
2 Discussion
2.1 Current status
Based on the current RAN1 agreements, the following observations are related to the RAN2 discussion in order for the progress:

Observation 1 As agreed by RAN1, both R-15 Type1 and Type2 configured grant can be used as baseline for NR-U configured grant.

Observation 2 As agreed by RAN1, UE selects HARQ process ID from the RRC configured set of HARQ ID for NR-U configured grant.

Observation 3 As agreed by RAN1, DFI to include pending HARQ ACK feedback for prior configured grant is supported.

Observation 4 As agreed by RAN1, retransmission can be performed on configured grant.

Observation 5 As agreed by RAN1, retransmission can be scheduled by dynamic grant.

2.2 Enhancements from RAN2 point of view

2.2.1 Design principle for type1 and type2 configured grant in NR-U

As agreed in RAN1 that both R-15 type1 and type2 configured grant can be used as baseline for NR-U configured grant, from RAN2 point view, we don't think too much difference regarding the enhancements for both type 1 and type 2 configured grant in NR-U. Thus, the principle when we consider the enhancements to both type 1 and type 2 configured grant should be aiming to have a unified MAC operation for common part functionalities between them unless differences are identified from RAN1.
Proposal 1 Enhancements to both type 1 and type 2 configured grant in NR-U aims to have a unified MAC operation for the common part functionalities between them unless differences are identified from RAN1.
2.2.2 Time domain resource configuration

In FeLAA, the time domain resource configuration is achieved by configuring a bitmap which indicates whether the UE is allowed to transmit in the corresponding subframe or not.
For type 1and type2 configured grant, time domain resources are configured in a way with periodicity and duration, which can be in symbol level.
For NR-U configured grant, note that as agreed in RAN1#AH1901:

Agreement:

For configured grant resource configuration in time domain, the following alternatives are to be studied with more detailed proposal and analysis, strive to down-select in RAN1#96:

Alt. 1: Bitmap based approach as baseline with potential enhancement

Companies are encouraged to provide detailed design in next meeting

Alt. 2: NR Rel-15 based time domain resource allocation approach as baseline with potential enhancement

Companies are encouraged to provide detailed design in next meeting
According to TR38.339, the design target is for allowing consecutive configured grant resources without any gaps or with gaps in between the resources. For the bitmap based indication as used in FeLAA, 40 bits is used for indicating 40 subframes, however, the granularity should be extended to symbol level as type1 and type2 configured grant. Thus, more bits would be required if we use bitmap indication but it’s not resource efficient from RRC signalling point view.
RAN2, with input from RAN1, can study a more efficient way to indicate consecutive grant resources without gaps or with gaps in between the resources, and the granularity is extended from subframe to symbol level. 
Proposal 2 The resource granularity in the time domain should be in symbol level.
2.2.3 Additional transmission opportunities in time/frequency domain

Currently, for type 1 and type2 configured grant for NR licensed operation, repetition can be configured for each configured grant as a repetition bundle to increase the transmission reliability. Using the same way, for NR-U, repetition can also be configured as a repetition bundle so that there could be additional opportunities in time domain.

Each repetition can be regarded as a transmission opportunity with separate LBT, the UE choose the one for transmission when the LBT is successful. Alternatively, the UE can be configured to use the bundle for normal repetition transmission (for improving the reliability) or only one of them for increase the transmission opportunity.

Proposal 3 Repetition can be configured for the configured grant in NR-U to either increase the transmission opportunity in time domain or the transmission reliability.

In frequency domain, in order to increase the transmission opportunities, multiple configured resources can be configured activated in frequency domain simultaneously. As agreed in RAN1#92bis meeting:

· Baseline for study: If absence of Wi-Fi cannot be guaranteed (e.g. by regulation) 
· in the band (sub-7 GHz) where NR-U is operating, the NR-U operating bandwidth is an integer multiple of 20MHz 
· At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. 
· FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.

The NR-U operating bandwidth is an integer multiple of 20MHz and LBT can be performed in units of 20MHz in the sub-7GHz if absence of Wi-Fi can not be guaranteed.
Observation 6 The NR-U operating bandwidth is an integer multiple of 20MHz and LBT can be performed in units of 20MHz in the sub-7GHz if absence of Wi-Fi can not be guaranteed.
Thus, we think it would be beneficial if the configured grant resources can be configured in the unit of 20 MHz so that the UE can perform LBT for each of them independently or in parallel (depends on RAN1 design), in this way, the transmission opportunity can be increased in the frequency domain. If the configured gran resources are configured within 20MHz, it seems not much transmission opportunities can be obtained due to the LBT impact, since if it fails all the configured grants can not be used within the 20 MHz frequency.
Proposal 4 In frequency domain, multiple configured grants are configured and activated simultaneously in the unit of LBT operation, i.e., 20 MHz.
2.2.4 New timer for retransmission
As agreed by RAN1, UE may autonomously initiate retransmission for a HARQ process that was initially transmitted via configured grant mechanism for NR-unlicensed when NACK feedback via DFI for the corresponding HARQ process is received. 
In NR, there is already a timer introduced, i.e., configuredGrantTimer, so that when a transmission is performed on the configured grant, UE waits for retransmission scheduling until the timer expires. After expiry, the UE can initiate new transmission by using the same HARQ process. For NR-U operation, DFI is introduce to carry explicit HARQ feedback as agreed by RAN1. However, DFI may also be blocked by LBT, in this case UE would wait for the feedback for an unpredictable time without any retransmission performed. Thus, in order to get rid of the impact of LBT, a new timer can be introduced during time the UE is expecting the DFI or dynamic scheduling for retransmission. Upon expiry, the UE would trigger an autonomous retransmission on the configured grant without reception DFI or dynamic grant.

Proposal 5 UE initiates retransmission on the configured grant upon a timer expiry.

2.2.5 Channel access priority
For AUL in FeLAA, it is captured in TS36.300 that:

For type 1 uplink channel access on AUL, E-UTRAN signals the Channel Access Priority Class for each logical channel and UE shall select the highest Channel Access Priority Class (i.e, with a lower number in the Table 5.7.1-1) of the logical channel(s) with MAC SDU multiplexed into the MAC PDU. The MAC CEs except padding BSR use the lowest Channel Access Priority Class.

For type 2 uplink channel access on AUL, the UE may select logical channels corresponding to any Channel Access Priority Class for UL transmission in the subframes signalled by E-UTRAN in common downlink control signalling.

We think the same principle regarding channel access priority can be applied to configured resources in NR-U, thus we propose:
Proposal 6 Channel access priority can be configured via RRC as part of the Logical Channel Configuration.
Proposal 7 For configured grant transmission in NR-U, UE selects the highest access priority class of the logical channel with MAC SDU multiplexed into the MAC PDU. MAC CEs have highest priority access class.
3 Conclusion

Based on the discussion in section 2 we propose the following:
Observation 1
As agreed by RAN1, both R-15 Type1 and Type2 configured grant can be used as baseline for NR-U configured grant.
Observation 2
As agreed by RAN1, UE selects HARQ process ID from the RRC configured set of HARQ ID for NR-U configured grant.
Observation 3
As agreed by RAN1, DFI to include pending HARQ ACK feedback for prior configured grant is supported.
Observation 4
As agreed by RAN1, retransmission can be performed on configured grant.
Observation 5
As agreed by RAN1, retransmission can be scheduled by dynamic grant.
Observation 6
The NR-U operating bandwidth is an integer multiple of 20MHz and LBT can be performed in units of 20MHz in the sub-7GHz if absence of Wi-Fi can not be guaranteed.
Proposal 1
Enhancements to both type 1 and type 2 configured grant in NR-U aims to have a unified MAC operation for the common part functionalities between them unless differences are identified from RAN1.
Proposal 2
The resource granularity in the time domain should be in symbol level.
Proposal 3
Repetition can be configured for the configured grant in NR-U to either increase the transmission opportunity in time domain or the transmission reliability.
Proposal 4
In frequency domain, multiple configured grants are configured and activated simultaneously in the unit of LBT operation, i.e., 20 MHz.
Proposal 5
UE initiates retransmission on the configured grant upon a timer expiry.
Proposal 6
Channel access priority can be configured via RRC as part of the Logical Channel Configuration.
Proposal 7
For configured grant transmission in NR-U, UE selects the highest access priority class of the logical channel with MAC SDU multiplexed into the MAC PDU. MAC CEs have highest priority access class.
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