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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], with the following objectives:
· Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including 

· Physical channels inheriting the choices of duplex mode, waveform, carrier bandwidth, subcarrier spacing, frame structure, and physical layer design made as part of the NR study and avoiding unnecessary divergence with decisions made in the NR WI

· Consider unlicensed bands both below and above 6GHz, up to 52.6GHz

· Consider unlicensed bands above 52.6GHz to the extent that waveform design principles remain unchanged with respect to below 52.6GHz bands 

· Consider similar forward compatibility principles made in the NR WI 

· Initial access, channel access. Scheduling/HARQ, and mobility including connected/inactive/idle mode operation and radio-link monitoring/failure

· Coexistence methods within NR-based and between NR-based operation in unlicensed and LTE-based LAA and with other incumbent RATs in accordance with regulatory requirements in e.g., 5GHz , 37GHz, 60GHz bands 

· Coexistence methods already defined for 5GHz band in LTE-based LAA context should be assumed as the baseline for 5GHz operation. Enhancements in 5GHz over these methods should not be precluded. NR-based operation in unlicensed spectrum should not impact deployed Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier.

While at this stage of this study item it is of primarily importance to define the spectrum of interest, and the deployment scenario to target, as well as simulation methodologies, that allow to best quantify and characterize this system in order to fairly study the coexistence with other incumbent technologies, it is equally important to start looking at some of the aspects of the design that might require particular attention. In this matter, during the previous RAN1 #92b meeting the following agreement was made [2]: 

	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. 

2 
Support of Autonomous UL Transmission for NR-unlicensed 
During the LTE LAA development, it was identified that LAA UL can experience significant performance degradation [3]. The unbalance in LAA DL and UL performance is recaptured in Fig.1.
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Figure 1: The unbalance in LAA DL and UL performance [3].

One of the main reasons of the performance degradation observed during the LTE LAA development is due to the “quadruple” contention for UEs to access the UL. That is, 1) UE to send SR, 2) LBT performed at the eNB before sending UL grant (especially in the case of self-carrier scheduling), 3) UE scheduling (internal contention amongst UEs associated with the same eNB) and 4) LBT performed only by the scheduled UE. Furthermore, the four subframes latency of LTE necessary for processing delay between UL grant and PUSCH transmission represents an additional performance constraint. 
The grant-free UL transmission has been proven to be effective in improving the LAA UL performance since it has advantage over the scheduled UL transmission in the following aspects: 1) If a UE succeeds the LBT, then it can start transmitting immediately as Wi-Fi. Thus, no more multiple contention imposed on the UL access. 2) The UL autonomous transmission does not rely on the UL grant. 3) It will naturally well-coexist with Wi-Fi as the UE behaviour is not different from Wi-Fi stations.
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Figure 2: Improved LAA UL performance with UL autonomous transmission [3].
Fig. 2 illustrates the performance merit of the autonomous UL access in terms of user perceived throughput. In light of the aforementioned benefits of autonomous UL transmissions compared to scheduled UL transmissions, the Rel. 15 FeLAA WI had been successfully concluded with the inclusion of the autonomous UL access design. 

Given that it is expected that the scheduled NR UL access will experience similar disadvantages like the LTE LAA in terms of reduced transmission opportunities due to multiple LBT attempts, it is envisioned that the support of autonomous UL access for NR-unlicensed will be beneficial in terms of the performance merit. 

Proposal 1: Autonomous UL access is supported for NR-unlicensed. 
On the other hand, it is noted that the main motivation of ‘configured grant’ in NR has been to support URLLC usage scenario. However, the expected usage scenario for autonomous UL access for NR-unlicensed would be the eMBB usage scenario. Therefore, some changes to the Rel. 15 NR ‘configured grant’ mechanism would be necessary, accordingly.

Observation 1: The expected usage scenario for autonomous UL access for NR-unlicensed would be eMBB.
3 
Autonomous 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 signalling. Furthermore, network has more controllability with Type 2 in managing the set of autonomous UEs. 

Proposal 2: Type 2 configured grant mechanism is the baseline for NR-unlicensed autonomous UL access design. 

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 autonomous transmission are RRC signaled.
The time-domain resources that are allocated for AUL are configured by the gNB. The configuration can be done via UE-specific higher layer signalling, where signalling details can be further studied. 
Proposal 4: The gNB configures the time-domain resources allowed for autonomous UL transmission via UE-specific higher layer signaling.  
It is natural to allow HARQ retransmissions of failed AUL transmissions in a grant-free manner.On the other hand, the gNB may be in a situation where it has remaining channel occupancy time available, and considering that scheduled UL transmission has higher reliability than grant-free transmission, it could schedule the retransmission of failed AUL transmissions. Therefore, the gNB should be also allowed to retransmit a failed AUL transmission in a scheduled manner. However, it is reasonable to not allow a schedule UL retransmission via a AUL transmission to avoid potential confusion between gNB and UE.
Proposal 5: An UL retransmission of a failed autonomous UL transmission is performed either through an autonomous or a scheduled UL transmission.

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

Proposal 6: SMTC window must be protected from autonomous UL transmissions. 
As mentioned above, a UE can be configured via higher layer signaling on the time domain resources that is allowed for AUL 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 AUL transmission as well. For such cases, there is a need to consider how to avoid collisions between the scheduled transmissions and AUL. It is also possible that the AUL transmissions can collide with each other. In this regards, efficient collision avoidance mechanism needs to be studied.

Proposal 7: Efficient collision avoidance mechanism between scheduled transmission and autonomous transmission and between autonomous transmissions need to be studied. 

4 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: Autonomous UL access is supported for NR-unlicensed. 
Observation 1: The expected usage scenario for autonomous UL access for NR-unlicensed would be eMBB.
Proposal 2: Type 2 configured grant mechanism is the baseline for NR-unlicensed autonomous UL access design. 
Proposal 3: The set of HARQ IDs that can be used for autonomous transmission are RRC signaled.
Proposal 4: The gNB configures the time-domain resources allowed for autonomous UL transmission via UE-specific higher layer signaling.  
Proposal 5: An UL retransmission of a failed autonomous UL transmission is performed either through an autonomous or a scheduled UL transmission.
Proposal 6: SMTC window must be protected from autonomous UL transmissions. 
Proposal 7: Efficient collision avoidance mechanism between scheduled transmission and autonomous transmission and between autonomous transmissions need to be studied. 
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