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At RAN-75 a new study item RP-170828 on NR-based Access to Unlicensed Spectrum was approved, and work will start in RAN1#90. Meanwhile, future compatibility for support of unlicensed spectrum shall be verified and confirmed. The NR standard is being developed to support spectrally efficient operation as well as low latency. For unlicensed spectrum in particular low latency between packet interactions can be of high importance to reduce the need for time-consuming LBT procedures. 
Discussion
For stand-alone and for “dual-connectivity” like deployments a semi-persistently allocated uplink resource is needed in order for the UE to request uplink resources. For unlicensed spectrum this resource should be used first after successful LBT. 
Since the resource need to be semi-statically allocated and frequent to keep latency low it is important to consider the overhead of each allocation. Overhead can be kept low by allocating a very small resource, e.g. a single bit D-SR in LTE, to enable multiplexing of many users. Since the resource may seldom be used it can also be kept small by allowing multiple users to share the same resource, e.g. contention based access. This has the drawback of non-deterministic delay and a need for contention resolution. LTE supports both options with D-SR on PUCCH and RA-SR on PRACH. 
Observation 1 [bookmark: _Toc450768826][bookmark: _Toc450768876]SR resources needs to have a low overhead for large amount of allocated resources to enable frequent opportunities.

In some scenarios latency can be reduced if a data message can be sent on the semi-persistently allocated resource, instead of sending a request bit. The drawback of introducing a larger resource to carry also data messages in the potentially increased overhead, since this resource that is not always utilized and often need to have worse link adaptation. The overhead of the channel is determined by how much resources that are no longer available for scheduling. The resource for sending the data message can be kept small, potentially utilizing contention based user overloading, to keep reasonable overhead, while still facilitating sufficient resources to accommodate small messages expected frequently from the user, e.g. protocol feedback or status requests. Alternatively, large resources are allocated but with fast access control such that the resources can be used for scheduled access when needed. 
Observation 2 Autonomous data transmissions on pre-allocated resources can reduce latency.

For unlicensed carriers controlling LBT windows can be employed to avoid collisions with downlink traffic and most scheduled uplink traffic, by allowing scheduled traffic to start earlier in the subframe compared to autonomous transmissions. One can consider employing such channel checking approach also on licensed carriers at least for systems with time division duplex. Other means for controlling access should also be studied. 
Observation 3 Check the channel for other data transmissions before using a pre-allocated resource could be a means to reduce the need to reserve resources from scheduled access.

With reduced subframe duration and processing the latency improvement may be significantly smaller and the need to use autonomous transmissions may be significantly reduced. For NR we should target to enable processing delays and frame structures that are good enough to enable responsive processing for each message [1]. 
Observation 4 In NR, the need for utilizing autonomous uplink is reduced, if processing delay of SR and uplink grants are significantly reduced compared to LTE.

For unlicensed spectrum requiring LBT before access, the possibility to multiplex users’ needs additional consideration. The primary motivation for a small SR resource is the ability to utilize the free resources for other signals, data or control.  
Since for the operation in unlicensed carriers LBT is usually mandated before transmission, multiplexing a “SR” channel with other user’s data transmissions implies all transmissions need to start simultaneously if LBT succeeds. This may require different SR formats dependent on if SR is multiplexed with uplink data transmissions of other users or not. 
In the case that the serving node is actively serving some other users, or the user in downlink, an SR can be sent in utilizing the same transmit opportunity within the Maximum Channel Occupancy time (MCOT) after the serving node has done a normal LBT. In this case only a short LBT would be needed. To support SR in this fashion a multi-cast message is needed in the downlink to inform all UEs that could potentially have an SR to send that the resource is available. 
Observation 5 In unlicensed spectrum multiplexing of SR and data between different users’ needs further study.

It is preferred to enable a low cost SR with user multiplexing for both licensed and unlicensed spectra. This requires that processing times are kept low and that required signaling is considered. A small, e.g. single bit, SR provides the largest control or resources enabling spectral efficiency and user prioritization. However, as a complement also autonomous uplink data transmissions could be used.   
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Conclusion
Based on the discussion in section 2 we make a number of observations

1. SR resources needs to have a low overhead for large amount of allocated resources to enable frequent opportunities.
1. Autonomous data transmissions on pre-allocated resources can reduce latency.
1. In TDD listening to other data transmissions before using a pre-allocated resource could be a means to reduce the need to reserve resources from scheduled access.
1. In NR, the need for utilizing autonomous uplink is reduced, if processing delay of SR and uplink grants are significantly reduced compared to LTE
1. In unlicensed spectrum multiplexing of SR and data between different users’ needs further study.

Based on the discussion in this paper we make the folowing proposal. 
Proposal 1Study the need to support autonomous uplink data transmissions for NR, at least for operation in unlicensed spectrum.
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