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1. Introduction

In RAN1#92bis meeting [1], we made following agreements related to physical layer procedures for NR unlicensed (NR-U) operation.

	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


In this contribution, we discuss the aspects which we should consider for NR-U operation especially related to the configured scheduling.
2. Configured scheduling in NR-U
2.1. Configured scheduling in NR-U and AUL in LTE LAA

In NR-U, configured scheduling is especially useful for UL transmission since dynamic scheduling in UL requires channel acquisition both for the transmission of UL scheduling DCI and the scheduled UL transmission. Also, dynamic scheduling in UL leads to delay between the scheduling instance and the actual UL transmission which is disadvantageous in the overall LBT operation. Therefore configured scheduling for UL in NR-U will be beneficial, where the UE can transmit or skip PUSCH transmission on the pre-configured time/frequency resources depending on its transmission buffer status.

On the other hand, configured scheduling for DL in NR-U may not be useful since periodic data transmission may not be a main scenario in NR-U. Moreover, even if DL resource is pre-configured in a periodic manner, nature of LBT operation in unlicensed band cannot guarantee actual periodic transmission.

 Proposal #1: Configured scheduling for UL is supported in NR-U. FFS for configured scheduling for DL in NR-U.

Configured scheduling for UL specified in Rel-15 NR is different mainly in the following aspects from AUL (autonomous uplink) transmission in LTE LAA.
·  In NR, HARQ process ID is tied with UL slot index, while HARQ process ID is chosen by UE in AUL.
·  In AUL, AUL-DFI is introduced for explicit HARQ-ACK feedback for AUL transmission (and also for CWS update for normal UL transmission)

·  In AUL, UE transmits additional information such as UE ID, HARQ process ID, RV/NDI, etc., via UCI on PUSCH.
The reason UE selects HARQ process ID for AUL transmission is to give UE freedom of initial/re-transmission timing of a PUSCH within a configured HARQ process IDs available for AUL considering possible failure of channel access due to LBT operation in unlicensed band. Since the same motivation is valid also for NR-U operation, we propose to follow principles of AUL operation in LAA even for NR-U operation as below.
Proposal #2: In configured scheduling for UL in NR-U, the following principles introduced for AUL in LAA should be applied.

·  UE selects HARQ process ID for PUSCH transmission with configured scheduling
·  Introduce explicit HARQ-ACK feedback for PUSCH transmission with configured scheduling

·  UE informs UE ID, HARQ process ID, RV/NDI via UCI on PUSCH with configured scheduling

2.2. Enhancements for configured scheduling in NR-U

Assuming configured scheduling operation for UL in NR-U follows basic principles of AUL in LAA, additional enhancements or modifications will be necessary considering NR specific features. Even though there can be many aspects to be considered further, we discuss two aspects at the first stage, that is, partial band LBT and CWG.

Partial band LBT

In NR, PUSCH scheduling bandwidth in a carrier can be up to 100 MHz for sub-6 GHz band and up to 400 MHz for above-6 GHz band. On the other hand, 20MHz is agreed as unit bandwidth of LBT for the case of WiFi coexistence for NR-U operation. Imagine that a UE is configured with 40 MHz PUSCH transmission with configured scheduling, the UE may succeed in LBT for one 20 MHz LBT unit while fail in the other 20 MHz LBT unit. In this case, UE may perform transmission only for the 20 MHz band where LBT has succeeded or UE may drop whole transmission. This operation may be also related to the BWP operation in NR, depending on the relationship between BWP and LBT unit band.
CBG

In NR, each TB conveyed via PUSCH can consist of multiple CBGs (code block groups) where per-CBG retransmission is possible to enhance spectral efficiency. Therefore, it is natural that PUSCH with configured scheduling can also be configured with CBG operation. In this case, the following aspects have to be considered further related to the CBG operation with configured scheduling.
·  separate or combined configuration of CBG operation for dynamic scheduling and configured scheduling

·  gNB based or UE based CBG transmission indication

·  HARQ-ACK feedback (e.g. AUL-DFI) from gNB side considering CBG

Proposal #3: The following aspects should be discussed further in configured scheduling for UL in NR-U.

·  impact of partial band LBT to configured scheduling

·  support of CBG operation with configured scheduling

3. Conclusion
In this contribution, we discussed technical points to be discussed for the support of configured scheduling in NR unlicensed operation, and proposals are as follows.
Proposal #1: Configured scheduling for UL is supported in NR-U. FFS for configured scheduling for DL in NR-U.

Proposal #2: In configured scheduling for UL in NR-U, the following principles introduced for AUL in LAA should be applied.

·  UE selects HARQ process ID for PUSCH transmission with configured scheduling

·  Introduce explicit HARQ-ACK feedback for PUSCH transmission with configured scheduling

·  UE informs UE ID, HARQ process ID, RV/NDI via UCI on PUSCH with configured scheduling

Proposal #3: The following aspects should be discussed further in configured scheduling for UL in NR-U.

·  impact of partial band LBT to configured scheduling

·  support of CBG operation with configured scheduling
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