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1 Introduction

For unlicensed spectrum, low latency between transmissions can be of high importance to reduce the need for time-consuming LBT procedures. In this contribution we discuss the limitations of scheduled UL on unlicensed bands and provide our view on supporting autonomous UL (AUL) for NR-U. 
2 Discussion 

For unlicensed spectrum that uses LBT as the sharing mechanism, the physical control signal transmissions not only generate overhead, but may require more LBT and/or new LBT mechanisms when the UE and gNB roles are switched between transmission and reception. 
Taking scheduled uplink data transmission as one example, when the UE has data to transmit, the UE shall send SR to the serving gNB using the channel acquired by means of LBT. Secondly, when the serving gNB receives the SR from the UE and determines to allocate UL grant to the UE, the eNB shall acquire the channel again by means of LBT. Thirdly, when the UE receives the UL grant, the UE may need to acquire the channel again for UL data transmission by means of LBT again. Lastly, the gNB may need to acquire the channel again to transmit the HARQ A/N for the UE by mean of another LBT. 
Multiple LBTs within one uplink data transmission procedure will result in inefficiency in terms of: First, potentially leaving the channel unused; Second, increased overhead for sending grants on unlicensed channel; Third, increased delay for uplink packets. As a result, multiple LBTs reduce the competitiveness of NR-U, and to contend for the channel and frequent transmitter-receiver switches increase the UL-DL switch overhead.

Observation 1 UL latency and signalling overhead can be lower by reducing the control signalling related to scheduling that precede every UL transmission.

NR provides the option to preconfigure resources in a semi static manner. With semi-persistent scheduling for UL, the UE is configured to transmit on pre-allocated resources. When UL data arrives, the UE can start transmission immediately according to the configured resources without the need to send an SR or waiting for the grant. In some scenarios, latency can be reduced if a transmission can use a semi-persistently allocated resource (autonomous uplink). 
Of course, along with autonomous uplink support, scheduled uplink shall also be supported in unlicensed cells, which is proven to give superior results in high load scenarios.

Proposal 1 Along with the support of scheduled uplink, support autonomous uplink data transmissions on configured resources in NR-U cells to reduce signalling overhead and latency.

NR supports two types of pre-configured resources. Both of which are different flavours of existing LTE semi-persistent scheduling with some further aspects such as supporting repetitions for a transport block: 

· Type 1, UL data transmission with configured grant is only based on RRC (re)configuration without any L1 signalling. 

· Type 2 is very similar to LTE SPS feature. UL data transmission with configured grant is based on both RRC configuration and L1 signalling for activation/deactivation of the grant. The gNB needs to explicitly activate the configured resources on PDCCH and the UE confirms the reception of the activation/deactivation grant with a MAC control element.

For LTE, the existing SPS feature was the baseline for designing autonomous uplink operation on LAA sCells in Rel.15. Similarly, for NR-U, the existing schemes (type 1 and 2) can serve as a baseline to achieve AUL operation for NR-U. Nevertheless, some adjustments are needed to provide efficient operation on unlicensed bands. 
For instance, in NR, HARQ ID corresponding to a transmission on a preconfigured resource is derived from a formula similar to LTE SPS, i.e., the HARQ process ID is determined based on the resources that is used for transmission. This synchronous HARQ ID behaviour may impose large delays due to the uncertainty of channel availability on unlicensed bands and therefore inefficient for unlicensed channel operation. 
The same issue was discussed during the feLAA WI, and to resolve it, a new uplink control information (UCI) was introduced to enable fully asynchronous HARQ for LAA AUL. For every AUL transmission, the UE selects HARQ process, RV, and NDI and report it on the new AUL UCI. Similar approach should be considered for NR-U AUL.

NR, similar to eLAA Rel-14, does not support non-adaptive HARQ retransmissions. This means, any uplink retransmission shall be scheduled through UL grant on PDCCH. To reduce the signalling overhead on unlicensed operation for FeLAA Rel-15, AUL downlink feedback information ("AUL-DFI") was specified to carry pending HARQ feedback for several uplink HARQ processes for the same UE through a bitmap. Signalling similar to AUL-DFI would also be beneficial for AUL NR-U. However, details are left to RAN1. 

Proposal 2 The autonomous UL functionality for NR-U can be achieved by using Type 1 and Type 2 configured UL specified in NR Rel-15 with some additional enhancements, similar to the Rel.15 LTE AUL configuration.

Proposal 3 For autonomous UL in NR-U, the UE autonomously selects which HARQ IDs to use in a certain slot.

Proposal 4 For the NR autonomous UL access, introduce downlink feedback information that enables carrying pending HARQ feedback for several UL HARQ processes for the same UE. Details of the format design are up to RAN1.

3 Conclusions

In section 2 we made the following observations:
Observation 2 UL latency and signalling overhead can be lower by reducing the control signalling related to scheduling that precede every UL transmission.

Based on the discussion in section 2 we propose the following: 
Proposal 5 Along with the support of scheduled uplink, support autonomous uplink data transmissions on configured resources in NR-U cells to reduce signalling overhead and latency.

Proposal 6 The autonomous UL functionality for NR-U can be achieved by using Type 1 and Type 2 configured UL specified in NR Rel-15 with some additional enhancements, similar to the Rel.15 LTE AUL configuration.

Proposal 7 For autonomous UL in NR-U, the UE autonomously selects which HARQ IDs to use in a certain slot.

Proposal 8 For the NR autonomous UL access, introduce downlink feedback information that enables carrying pending HARQ feedback for several UL HARQ processes for the same UE. Details of the format design are up to RAN1.
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