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1 Introduction 

A new study item on “NR-Based Access to Unlicensed Spectrum” was approved in TSG RAN Meeting #77 [1]. During 3GPP TSG RAN WG1 Meeting 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 3GPP TSG RAN WG1 Meeting #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


In the context of the agreements provided above, in this contribution we will discuss on further enhancements to NR configured grants for unlicensed operation.
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Grant-free UL Transmission via ‘configured grant’ Mechanism
Rel. 15 NR supports the following two ‘configured grant’ mechanisms: 

· Type 1: based on RRC configuration

· Type 2: based on RRC configuration + L1 activation and deactivation

Type 1 mechanism has advantage in the sense that a UE can start grant-free transmission as soon as it is RRC configured without waiting to be activated via L1 activation message. On the other hand, Type 2 mechanism has advantages in that it provides more flexibility in configuration as time/frequency domain resource allocation, UE-specific DMRS configuration, MCS/TBS can be dynamically configured with L1 signaling. Furthermore, network has more controllability with Type 2 in managing the set of autonomous UEs. 

Proposal 1: Type 2 configured grant mechanism is the baseline for NR-unlicensed autonomous UL access design. 
When Type 2 configured grant mechanism is used, the L1 activation message might carry the MCS information, as well as information related to the time and/or frequency domain resources used. In this case, it is important to avoid any mismatch between the UE and the gNB related to those information, which might occur if that information in the L1 activation message is different than what is already used by the UE, and the L1 activation message is not successfully received. In this case, the grant-free transmissions from that UE will not be decodable by the gNB. In order to avoid any mismatch, the UE needs to confirm reception of the L1 activation message by MAC control element transmission in the first available scheduled UL transmission. 
While a UE can provide acknowledgment of the reception of the L1 activation message, the UE might fail in doing so since the channel is congested and its LBT might fail. In this case, the gNB will never receive any acknowledgment from the UE related to the previously transmitted L1 activation message, and it will be unaware on whether the L1 activation message was received or not. To prevent this from happening, a timer might be introduced. This timer is started when the L1 activation message is transmitted to the UE, and it is stopped and reset once the acknowledgment of the successful reception of the L1 activation message is received, and it starts once again when a new L1 activation message is sent. Furthermore, upon expiration of the timer, the gNB retransmits the L1 activation message.   
Proposal 2: Acknowledgment of the L1 activation message is provided through MAC CE during the first available scheduled transmission. The retransmission of the L1 activation message is triggered by a timer, whose details are FSS.
As it has been implicitly agreed during 3GPP TSG RAN WG1 Meeting 93 [3], a UE is configured with a specific set of HARQ process IDs that are used to perform grant-free UL transmission, and it chooses independently the ID to use for a given transmission from this available set. In order to allow more flexibility, it can be considered that a UE is configured with a specific set of HARQ process IDs that are used to perform autonomous UL (AUL) transmission, and it chooses independently the process ID to use for a given transmission from this available set. The set of HARQ process IDs that can be used for AUL can be RRC signalled. This is different from Release 15 NR configured grants, in which there is an association between HARQ process ID and the used resources. 
Proposal 3: The set of HARQ IDs that can be used for grant-free transmissions are RRC signaled.

Since the HARQ process ID that a grant-free UL UE uses is independently chosen by the UE, this information together with the UE-ID need to be carried in the grant-free UCI, which is transmitted in every PUSCH. Together with this information, the grant-free UCI should also carry the PUSCH duration and may carry information related to remaining unutilized COT that could be utilized by the gNB for control and/or data transmission. In order to limit the complexity at the gNB and prevent extensive blind detection, this UCI is scrambled with a cell-specific RNTI. 
Proposal 4: A UE performing grant-free transmission indicates in the grant-free UCI at least the following information: the HARQ process ID used, its own UE-ID, NDI, PUSCH duration and COT sharing information. 
Proposal 5: The grant-free UCI is scrambled with a cell-specific RNTI.

A UE that does not receive any ACK/NACK indication from the gNB related to a previously performed grant-free UL transmission of a given HARQ process ID, it is unable to assess either if the transmission was successfully received or if the gNB was unable to receive it, and consequently, it will not be able to use/release that HARQ process ID in the future. For this reason, a procedure that allows to prevent this deadlock status must be introduced. In this matter, a timer can be introduced upon whose expiration the retransmission is triggered, and the details of this timer should be further discussed.

Proposal 6: A grant-free UL retransmission of a failed autonomous UL transmission for a given HARQ process ID is triggered by either the reception of a NACK for that specific HARQ process ID or upon expiration of a timer. The details of the timer are FFS.

The time-domain resources that are allocated for grant-free UL transmissions are configured by the gNB. The configuration can be done via UE-specific higher layer signaling. In this matter, the configuration can be done either explicitly through a bitmap of length N, or by defining a periodic window within which grant-free UL transmissions are allowed. In this last case, the time domain resources allowed for grant-free UL transmissions are derived by a tuple of values, which indicate the specific starting position of the window of contiguous time domain resources allowed for grant-free UL transmissions, the temporal length of the window, and its periodicity.
Proposal 7: The gNB configures the time-domain resources allowed for grant-free UL transmissions via UE-specific higher layer signaling.  

In order to prevent a grant-free transmission from blocking the gNB’s sensing of SMTC, grant-free UL transmission must not be allowed in the slots belonging to the SMTC window, and the UE must not be allowed to perform grant-free UL transmission during this window regardless of the RRC configured time domain resources. 

Proposal 8: Grant-free UL transmissions are not allowed in the slots belonging to the SMTC window of the serving cell irrespective of the time-domain resources configured via higher layer signaling.  

As mentioned above, 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 must 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 chosen starting instance. With this random offset, the collision between TDM’ed 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 9: Mechanisms to enable efficient multiplexing of different types of transmissions and to avoid collisions are needed to be considered. 

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: Type 2 configured grant mechanism is the baseline for NR-unlicensed autonomous UL access design. 
Proposal 2: Acknowledgment of the L1 activation message is provided through MAC CE during the first available scheduled transmission. The retransmission of the L1 activation message is triggered by a timer, whose details are FSS.

Proposal 3: The set of HARQ IDs that can be used for grant-free transmissions are RRC signaled.
Proposal 4: A UE performing grant-free transmission indicates in the grant-free UCI at least the following information: the HARQ process ID used, its own UE-ID, NDI, PUSCH duration and COT sharing information.
Proposal 5: The grant-free UCI is scrambled with a cell-specific RNTI.

Proposal 6: A grant-free UL retransmission of a failed autonomous UL transmission for a given HARQ process ID is triggered by either the reception of a NACK for that specific HARQ process ID or upon expiration of a timer. The details of the timer are FFS.

Proposal 7: The gNB configures the time-domain resources allowed for grant-free UL transmissions via UE-specific higher layer signaling.    

Proposal 8: Grant-free UL transmissions are not allowed in the slots belonging to the SMTC window of the serving cell irrespective of the time-domain resources configured via higher layer signaling.    

Proposal 9: Mechanisms to enable efficient multiplexing of different types of transmissions and to avoid collisions are needed to be considered. 
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