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1 Introduction

Scheduling procedure in unlicensed spectrum is part of the NR-U study item objectives [1, 2]. SR is needed for UEs in connected mode in NR-U standalone mode, as well as in the LTE-NR-U deployment scenario. RAN1 is currently studying the design of the PUSCH and PUCCH for NR-U cells, and related LBT procedures. Relevant RAN1 agreements are discussed in Appendices A and B. This contribution discusses possible enhancements to support the scheduling request procedure in unlicensed spectrum. 
2 Impact of LBT on the SR Procedure
NR-U supports stand-alone and LTE-NR-U dual connectivity deployments. For these deployments, SR needs to be transmitted on an unlicensed carrier. Hence, SR and BSR procedures should be supported in NR-U. The SR and BSR procedures specified for NR-licensed can be mostly reused in NR-U. However, there are a few impacts on the procedure due to the effect of LBT. 
Transmitting an SR on PUCCH, UCI on PUCCH, or UCI on PUSCH may be subject to certain LBT requirements in unlicensed spectrum. The nature of the LBT requirement prior to PUCCH transmission is discussed in RAN1. LBT is performed in the physical layer, and the outcome of clear channel assessment is not necessarily known to MAC. Given MAC maintains certain counters and timers that are typically updated upon instructing PHY to transmit an SR, the timing of the respective uplink transmissions should be clarified in MAC when LBT is required. 
Observation 1: 
The UE preforms the LBT procedure in the physical layer.
Observation 2: 
MAC is unaware of the transmission timing of an SR on PUCCH or a BSR on PUSCH, when LBT is performed by the PHY layer.

SR is transmitted by PHY on PUCCH, or part of UCI on PUSCH if certain UL-SCH timing requirements are met and PUCCH and PUSCH overlap in time. MAC should increase the SR_Counter for the SR configuration corresponding to the triggered SR only if the PUCCH transmission was successful at PHY after LBT. This is to avoid incrementing the counter when no actual PUCCH transmission occurred. Similarly, MAC should start the sr-ProhibitTimer for the SR configuration corresponding to the triggered SR only if the transmission was successful at PHY. This is to not prohibit sending a SR when the channel becomes available. It can though be beneficial to prolong a subsequent SR transmission if an initial SR was received but the channel was busy afterwards. 
Interpreting a PUCCH resource as not valid if the channel is occupied creates additional issues, because the SR procedure specifies that the UE initiates a random access and cancels the pending SR if MAC does not have any valid PUCCH resources for the pending SR. Therefore, MAC needs to receive an indication from PHY regarding whether the channel is determined to be clear or not for a given SR transmission occasion, prior to executing the SR procedure at such occasion. A text proposal illustrating how to capture such behaviour in MAC is provided in Annex C, based on TS 38.321 v. 15.2.0 [3].
Observation 3: 
Validity of PUCCH resources is dependent on the configuration of PUCCH resources for a given SR configuration, and the UE’s active UL BWP.
Proposal 1: 
For PUCCH resources in an NR-U cell, MAC considers only SR transmission occasions for which PHY determines that PUCCH can be transmitted after a CCA.
Configuration of resources for SR represents a trade-off between latency and capacity from the network’s perspective. For NR-U, the transmission of an SR can be delayed significantly when the load and the channel occupancy is high, especially when SRs can only be transmitted periodically and/or using predetermined resources in time. In such case, it may be further challenging for the network to match the allocation of resources with the LBT/channel acquisition to mitigate access latency.

Therefore, it may be desirable to support means for the UE to obtain resources and/or transmit SR asynchronously, possibly in addition to existing PUCCH resource allocation. For example, the UE may support means to initiate RA-SR once it determines that a number of PUCCH transmission occasions have elapsed without having been able to transmit, or to support means for the network to indicate or schedule additional PUCCH resources for UCI or SR to one or more UEs within a COT, either with reduced or no LBT.
Proposal 2: 
NR-U supports a procedure to determine asynchronous SR transmission occasions.
3 Conclusion
This contribution discusses the impact of LBT on the NR SR procedure. RAN2 should discuss the above and agree to the following:
Observation 1: 
The UE preforms the LBT procedure in the physical layer.

Observation 2: 
MAC is unaware of the transmission timing of an SR on PUCCH or a BSR on PUSCH, when LBT is performed by the PHY layer.

Observation 3: 
Validity of PUCCH resources is dependent on the configuration of PUCCH resources for a given SR configuration, and the UE’s active UL BWP.
Proposal 1: 
For PUCCH resources in an NR-U cell, MAC considers only SR transmission occasions for which PHY determines that PUCCH can be transmitted after a CCA.

Proposal 2: 
NR-U supports a procedure to determine asynchronous SR transmission occasions.
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Appendix A: Agreements on PUCCH design for NR-U

Agreements:
· Study the design changes needed to support the following channels /signals in NR-U

· PDCCH/PDSCH

· PUCCH/PUSCH

· PSS/SSS/PBCH

· PRACH

· DL and UL reference signals applicable to the operational frequency range
Agreement:
· Support for Rel-15 NR PUCCH formats can be considered. Exclusion of the support of certain formats is to be identified. 

· Note: It is RAN1’s understanding that certain formats do not meet the minimum bandwidth requirement by regulation. 

· It is identified that block-interlaced based PUSCH can be beneficial. 

· It is beneficial to use the same interlace structure for PUCCH and PUSCH. 

· The following aspects can be considered for interlace waveform based PUCCH design:

· Flexible number of OFDM symbols

· Flexible payload size

· User multiplexing

· Number of formats

Appendix B: Agreements on LBT for NR-U

Agreement:
· 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

Agreement:
· For 5GHz band, a no-LBT option is beneficial for NR-U, such as for supporting fast A/N feedback, and is permitted per regulation. 

· Restrictions/conditions on when no-LBT option can be used will be further identified, e.g., in consideration of fair coexistence. 

· No-LBT option can be applied to 6GHz band if allowed by regulation

· Restrictions/conditions on when no-LBT option can be used will be further identified, if fair coexistence criterion is defined for 6GHz band

Agreement:
· 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

· LBT requirements to support single or multiple switching points, include

· For gap of less than 16us: no-LBT can be used 

· Restrictions/conditions on when no-LBT option can be used will be further identified, in consideration of fair coexistence. 

· For gap of above 16us but does not exceed 25us: one-shot LBT can be used 

· Restrictions/conditions on when one-shot LBT option can be used will be further identified, in consideration of fair coexistence. 

· For single switching point, for the gap from DL transmission to UL transmission exceeds 25us: one-shot LBT is used 

· Further study needed on how many one-shot LBT attempts is allowed for granted UL transmission 

· FFS: For multiple switching points, for the gap from DL transmission to UL transmission exceeds 25us, one-shot LBT is used. Regulations for this option.

Appendix C: Example Text Proposal for TS 38.321

[Unchanged text omitted]

5.4.4
Scheduling Request

The Scheduling Request (SR) is used for requesting UL-SCH resources for new transmission.

The MAC entity may be configured with zero, one, or more SR configurations. An SR configuration consists of a set of PUCCH resources for SR across different BWPs and cells. For a logical channel, at most one PUCCH resource for SR is configured per BWP.

Each SR configuration corresponds to one or more logical channels. Each logical channel may be mapped to zero or one SR configuration, which is configured by RRC. The SR configuration of the logical channel that triggered the BSR (subclause 5.4.5) (if such a configuration exists) is considered as corresponding SR configuration for the triggered SR.

RRC configures the following parameters for the scheduling request procedure:

-
sr-ProhibitTimer (per SR configuration);

-
sr-TransMax (per SR configuration);

-
sr-ConfigIndex.

The following UE variables are used for the scheduling request procedure:

-
SR_COUNTER (per SR configuration).

If an SR is triggered and there are no other SRs pending corresponding to the same SR configuration, the MAC entity shall set the SR_COUNTER of the corresponding SR configuration to 0.
When an SR is triggered, it shall be considered as pending until it is cancelled. All pending SR(s) triggered prior to the MAC PDU assembly shall be cancelled and each respective sr-ProhibitTimer shall be stopped when the MAC PDU is transmitted and this PDU includes a BSR MAC CE which contains buffer status up to (and including) the last event that triggered a BSR (see subclause 5.4.5) prior to the MAC PDU assembly. All pending SR(s) shall be cancelled when the UL grant(s) can accommodate all pending data available for transmission.
Only PUCCH resources on a BWP which is active at the time of SR transmission occasion are considered valid. 
For NR-U, MAC considers only SR transmission occasions for which PHY determines that PUCCH can be transmitted.
As long as at least one SR is pending, the MAC entity shall for each pending SR:

1>
if the MAC entity has no valid PUCCH resource configured for the pending SR:

2>
initiate a Random Access procedure (see subclause 5.1) on the SpCell and cancel the pending SR.

1>
else, for the SR configuration corresponding to the pending SR:

2>
when the MAC entity has an SR transmission occasion on the valid PUCCH resource for SR configured; and
2>
if sr-ProhibitTimer is not running at the time of the SR transmission occasion; and

2>
if the PUCCH resource for the SR transmission occasion does not overlap with a measurement gap; and

2>
if the PUCCH resource for the SR transmission occasion does not overlap with a UL-SCH resource:
3>
if SR_COUNTER < sr-TransMax:

4>
increment SR_COUNTER by 1;

4>
instruct the physical layer to signal the SR on one valid PUCCH resource for SR;

4>
start the sr-ProhibitTimer.

3>
else:

4>
notify RRC to release PUCCH for all Serving Cells;

4>
notify RRC to release SRS for all Serving Cells;

4>
clear any configured downlink assignments and uplink grants;

4>
initiate a Random Access procedure (see subclause 5.1) on the SpCell and cancel all pending SRs.

[Unchanged text omitted]
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