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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 further details on the channel access procedure for NR-U operation.
2. Channel access procedure in NR-U
In this section, we discuss potential areas to study for designing channel access procedure especially for NR-U, assuming channel access procedure in LAA is baseline for NR-U.

2.1. CWS management

In LTE LAA, eNB/UE’s LBT operation follows a back-off algorithm based on CWS (contention window size) management. Assuming channel access in NR-U relies on the same mechanism, CWS management in NR-U should further consider the following aspects which were newly introduced in NR standards.

Consideration of CBG operation

In LAA, CWS update for DL/UL is based on the decoding results of TB(s) in reference subframe(s). In NR, separate HARQ operation is possible for different CBs (code blocks) even for a same TB. Therefore, impact on CWS management by CBG operation should be studied for NR-U.

Consideration of flexible DL/UL scheduling/HARQ timing
In LAA, CWS update for DL/UL is based on the decoding results of TB(s) in reference subframe(s) and the minimum(/maximum) timing gap between a reference subframe and the corresponding CWS update timing is defined. In NR, gNB scheduler can adapt timing relationship between PDSCH and UL HARQ feedback, between PUSCH transmission and retransmission, and so on. Moreover, NR UEs can report different capabilities on those timing relationships. Therefore, impact on CWS management by flexible DL/UL scheduling timing and the related UE capabilities should be studied for NR-U.

Consideration of BWP switching
In NR, a UE may be configured with multiple DL/UL BWPs for a carrier. Then, gNB can dynamically switch the UE’s operating BWP by DCI. Then it is questionable if a CWS management for a BWP can be succeeded for another BWP. Also, it is questionable what happens if a UE is indicated to switch its BWP but the UE continuously fails in LBT for the new BWP. Therefore, impact on CWS management by BWP switching should be studied for NR-U

Proposal #1: For the CWS management in NR-U, impact of the following aspects of NR should be studied

·  CBG operation
·  flexible DL/UL scheduling/HARQ timing
·  BWP switching

2.2. Partial band operation

In NR, PDSCH/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 Wi-Fi coexistence. Then, it should be studied further what happens when the gNB/UE succeeds LBT in only a part of 20 MHz LBT units within the scheduled PDSCH/PUSCH bandwidth. An approach could be the gNB/UE transmits PDSCH/PUSCH over only the successful LBT units. For this operation, DCI/UCI/TB/CBG/DM-RS structure and RE mapping for PDSCH/PUSCH may need to be modified from NR in licensed band. Also, relationship between LBT unit bandwidth and BWP need to be studied to design an efficient partial band operation.
Proposal #2: Study partial band transmission depending on the LBT results over a scheduled bandwidth which includes multiple LBT unit bandwidth (e.g., 20MHz)
2.3. Directional transmission

Especially for above-7 GHz band (and potentially for below-7 GHz band as well), LBT operation for directional antenna transmission may need to be enhanced. Largely, we consider the following approaches as LBT operation for directional transmission.

Transmitter performs channel sensing before transmission

This is conceptually same as what we do in LAA and should be a baseline for studying other approaches. However, the following details should be studied for this approach.
·  omni-direction CCA or directional CCA

· System performance should be evaluated regarding CCA direction for the directional transmission 

·  CCA threshold

· CCA threshold for directional transmission may need to be different from the case of omni-directional transmission since the coverage and interference from a directional transmission will be different from an omni-directional transmission

·  In case of directional CCA, relationship between transmission direction and CCA direction

· gNB or UE’s real implementation may not be able to well match the reception direction and the transmission direction. Moreover, applying same spatial direction as transmission direction for CCA may not be effective since interference to the receiver will be estimated in the reverse direction from the transmission direction as depicted in figure 1.
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Figure 1. Illustration of interference caused by directional transmission
Receiver performs channel sensing before transmission

In a single link point of view, performance of a transmission on a direction can be well estimated by the interference expected at the receiver side. If we assume system performance deterioration by interference created by directional transmissions, CCA at the receiver site may be more efficient than CCA at the transmitter site as depicted in figure 2.
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Figure 2. Illustration of directional CCA at transmitter side and receiver side
For DL transmission, CCA at UE may require the following operations

·  Dynamic/semi-static indication of CCA operation for DL reception to the UE (including information on CCA direction)

·  fast signaling to trigger UE’s CCA operation for DL reception

·  UE’s feedback of the CCA result to gNB (this information may or may not be utilized by other links in their own scheduling/LBT operation)

For UL transmission, CCA at gNB may require the following operations
·  Dynamic/semi-static indication of no CCA operation for UL transmission to the UE
·  fast signaling to trigger UE’s transmission after gNB’s CCA success

Transmission with multiple candidate directions
For some broadcast signals/channels (e.g. SSB) in NR, multi-beam sweeping transmission is necessary. Depending on the further discussion on the LBT operation for directional transmission, directional CCA at transmitter side may be necessary. In that case, it should be further studied how to perform omni-directional or directional CCA for multiple-beam sweeping transmission. Moreover, even for a unicast channel directional CCA at transmitter side or receiver side may be useful so that a transmitter or receiver can choose a transmission direction which has succeeded with CCA.

In addition, if either transmitter or receiver side channel sensing is introduced per transmission direction or reception direction, it should be also discussed how to define CWS management, e.g., per-direction management or across-direction management.

Proposal #3: For directional transmission, the following LBT operations should be studied.
·  Transmitter performs channel sensing before transmission
·  Receiver performs channel sensing before transmission
·  Transmission with multiple candidate directions
2.4. Coexistence with other RATs or operators

In addition to coexistence with Wi-Fi on 5 GHz or 802.11ad/ay on 60 GHz, we may need to take into account coexistence with other high priority service (e.g., intelligent transportation system). Considering the urgency of high priority service, conservative channel access procedures (e.g., lower energy detection threshold, larger contention window size) can be performed or channel access can be halted in a pre-configured resource pool where high priority service is prioritized to access the channel. For the same purpose, it should be also studied how to detect the presence of other higher priority services.
Furthermore, in an unlicensed band where Wi-Fi or other RATs don’t reside, more efficient coexistence strategies between NR-U networks may be studied, such as, frame-based channel occupation where a frame of time is wholly dedicated to a node which has succeeded in a contention during a short contention period 
Proposal #4: Study how to coexist with higher priority service (e.g., ITS) on unlicensed band.

Proposal #5: Study more efficient coexistence strategies between NR-U networks in an unlicensed band where Wi-Fi or other RATs don’t reside.

3. Conclusion
In this contribution, we provided further details of the study areas on channel access procedure for NR unlicensed operation, and proposals are as follows.
Proposal #1: For the CWS management in NR-U, impact of the following aspects of NR should be studied

·  CBG operation
·  flexible DL/UL scheduling/HARQ timing

·  BWP switching

Proposal #2: Study partial band transmission depending on the LBT results over a scheduled bandwidth which includes multiple LBT unit bandwidth (e.g., 20MHz)
Proposal #3: For directional transmission, the following LBT operations should be studied.
·  Transmitter performs channel sensing before transmission
·  Receiver performs channel sensing before transmission
·  Transmission with multiple candidate directions
Proposal #4: Study how to coexist with higher priority service (e.g., ITS) on unlicensed band.

Proposal #5: Study more efficient coexistence strategies between NR-U networks in an unlicensed band where Wi-Fi or other RATs don’t reside.
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