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1 Introduction 
A new study item on “NR-Based Access to Unlicensed Spectrum” was approved in RAN plenary #77 [1]. During RAN1 #92bis [2], the following has been agreed:
	Agreement:
· Study possible enhancements for HARQ operation 
· Study changes needed for Configured Grant support in NR-U
· 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.
· Study whether or not the following techniques enhance performance beyond the baseline LBT mechanisms
· Techniques to cope with directional antennas/transmissions
· Receiver assisted LBT : RTS/CTS type mechanism
· On-demand receiver assisted LBT: For example receiver assisted LBT enabled only when needed 
· Techniques to enhance spatial reuse 
· Preamble detection
· Enhancements to baseline LBT mechanisms above 7 GHz
· Note: LTE-LAA LBT mechanism are assumed as baseline for evaluations for 5GHz. 
· Note: Other aspects are not precluded from being included



As it is captured in the above agreement, potential modifications to Rel. 15 NR configured grant mechanism to support unlicensed operation is to be studied in the scope of this SI. In this matter, in RAN1 #93 [3] the following agreements were made:
	Agreement:
· The following modifications to the configured grant procedures are beneficial
· Removing dependencies of HARQ process information to the timing
· Introducing UCI on PUSCH to carry HARQ process ID, NDI, RVID
· Introducing Downlink Feedback Information (DFI) including HARQ feedback for configured grant transmission
· Increased flexibility on time domain resource allocation for the configured grant transmissions
· Supporting retransmissions without explicit UL grant



And also some of the detailed discussions were made on configured grant operation during RAN1 #94 [4], where the following agreements were reached at:

	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

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. 
· FFS: DFI to include HARQ ACK feedback for scheduled UL transmissions using HARQ IDs configured for NR-unlicensed configured grant transmission.
· 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.

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.

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. 
· FFS: detailed mechanism.

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.  




In the context of the agreements provided above, in this contribution we will discuss on remaining issues on configured grants for NR unlicensed operation.

2 		Grant-free UL Transmission via ‘configured grant’ Mechanism
In RAN1#93, it was agreed that Introducing UCI on PUSCH to carry HARQ process ID, NDI, RVID is beneficial for configured grant operation because there is no dependencies of HARQ process information on the timing. And also it was agreed in RAN1#94 that a UE selects the HARQ process ID from an RRC configured set of HARQ IDs. 
Together with this information, the grant-free UCI should also carry the PUSCH duration and may carry information related to remaining resource inside the acquired COT that could be utilized by the gNB for additional DL control and/or data transmission. And also, UE ID needs to be also transmitted in UCI for the cases that configured grant resources are shared by multiple UEs. In order to limit the complexity at the gNB and prevent extensive blind detection, this UCI is scrambled with a cell-specific RNTI. 
Proposal 1: A UE performing grant-free transmission indicates in the grant-free UCI at least the following information: HARQ process ID, UE-ID, NDI, PUSCH duration and COT sharing information. 
Proposal 2: The grant-free UCI is scrambled with a cell-specific RNTI.
There is an agreement on the gNB COT that single and multiple DL to UL and UL to DL switching within a shared gNB COT is identified to be beneficial and can be supported. However, it was not fully discussed whether UL transmission can initiate the COT sharing between UE and gNB by having one or multiple switching point between UL and DL inside(s) the COT acquired by the UE. Since the configured grant resource is the UE initiated transmission without grant, if a COT is acquired by the UE, it will be beneficial to share the COT with gNB in order to provide the chance to transmit urgent DL transmission, e.g., DFI, etc. 
Proposal 3: It is beneficial to support COT sharing which is acquired by an UE for configured grant transmission.
A UE can be configured via higher layer signaling on the time domain resources that is allowed for grant-free UL transmission. With this distinction, the gNB can have some level of controllability to coordinate the scheduled UL transmissions and the autonomous UL transmissions. However, the gNB can transmit DL or schedule UL transmissions in a slot, which is configured for grant-free UL transmission as well. For such cases, there is a need to consider how to avoid collisions between the scheduled transmissions and grant-free UL transmissions. It is also possible that the grant-free UL transmissions can collide with each other. In this regards, to enable more efficient multiplexing of different types of transmissions, grant-free UL transmission can have an offset to start PUSCH transmissions. For instance:

· A grant-free UL transmission may begin within symbol 0 with some random offset. The UEs are expected to perform self-defer until the starting instance determined by the offset. With this random offset, the collision between multiple grant-free UL transmissions can be avoided to some degree. 
· However, in the case of FDM’ed grant-free UL transmission, the use of random offset can induce unintended blocking between UEs. For instance, a UE starting transmission earlier can make the LBT failed at the UEs who have chosen a relatively longer random offset. Therefore, in the case of FDM’ed grant-free UL transmissions, a common offset is necessary. This common offset can be signaled to the UEs operating in grant-free UL mode. 

Proposal 4: A configured grant UL transmission may begin with an offset. How to define the offset is FFS.

3 Conclusions
In this contribution, we discussed the potential modifications to Rel. 15 NR configured grant mechanism to support operating on unlicensed spectrum, and we derived the following proposals and observations:
Proposal 1: A UE performing grant-free transmission indicates in the grant-free UCI at least the following information: HARQ process ID, UE-ID, NDI, PUSCH duration and COT sharing information. 
Proposal 2: The grant-free UCI is scrambled with a cell-specific RNTI.
Proposal 3: It is beneficial to support COT sharing which is acquired by an UE for configured grant transmission.
Proposal 4: A configured grant UL transmission may begin with an offset. How to define the offset is FFS.
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[bookmark: _Toc524037134]7.2.1.3.4	Potential enhancements to configured grant
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 field can be considered to be included in the UCI: UE-ID, COT sharing information, PUSCH duration, etc.
-	Introducing Downlink Feedback Information (DFI) including HARQ feedback for configured grant transmission
-	Increased flexibility on time domain resource allocation for the configured grant transmissions
-	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. 
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. 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.
[bookmark: _GoBack]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 is identified that sharing resources with gNB within a COT that is acquired by UE as part of configured grant based transmissions is beneficial.
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