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1
Introduction
In previous RAN1#86 meeting it has been agreed that:

· At least the following options for “autonomous/grant-free/contention based” UL transmission should be studied

· Opt. 1: a UE performs random resource selection

· Details FFS

· Opt. 2: a UE’s resource is pre-configured by eNB or pre-determined

· Details FFS

· Other options are not precluded

· A MA physical resource for “grant-free” UL transmission is comprised of a time-frequency block
· Note: spatial dimension is not considered as a physical resource in this context
· A MA resource is comprised of a MA physical resource and a MA signature, where a MA signature includes at least one of the following:

· Codebook/Codeword

· Sequence

· Interleaver and/or mapping pattern

· Demodulation reference signal

· Preamble

· Spatial-dimension

· Power-dimension

· Others are not precluded

· Details on MA physical resource and MA signature resource FFS 

Based on the above agreements, we discuss technical issues related to the resource configuration for grant-free UL transmission and present several proposals to find a way forward.
2
Discussion
2.1
Structure of MA physical resources
As was agreed in the RAN1#85 meeting, for grant-free non-orthogonal multiple access, a transmission from UE does not need the dynamic and explicit scheduling grant from TRP, and multiple UEs can share the same time and frequency resources. Although RAN1 initiates the studies on grant-free transmission for mMTC as start, companies see its gain also in eMBB and URLLC use cases for latency reduction. An adaptation of the overall size / amount of MA physical resources in terms of time and frequency by the TRP is in particular needed for the following reasons. 
· Fluctuation of the traffic and the user density [1][2], resulting in varying collision probability and resource efficiency; 
· Different grant-free transmission options, e.g. w/o preamble feedback, can provide different tranmsision latency with different signalling overhead [3];
· Trade-off between requirements for eMBB, URLLC and mMTC traffic.
Therefore, it’s necessary for a resource configuration mechanism to consider above impact factors to find a tradeoff.
Proposal 1: The TRP should be able to adjust the overall size and amount of MA physical resources in order to achieve a tradeoff between collision probability, resource efficiency and signaling overhead, and also a tradeoff between requirements of different use cases.
Various types of devices (sensors vs. handhelds) with different capabilities have to be supported by the system. Also the system is expected to support diverse service requirements, variable payload sizes and changeable MCS parameters. For example, power limited devices will prefer a small spectrum, whereas latency critical services prefer a short transmission in time duration. For these reasons, MA physical resources must offer some degrees of freedom to support multiple formats. 
Proposal 2: TRP can offer different formats of MA physical resources regarding at least time duration and spectrum. Details are FFS.
Some UEs may have higher service priority than others, and allowed to utilize multiple MA signatures to improve the success transmission probability. Moreover, some UEs may need to segment a big data packet in several transport blocks, or need reliable transmissions by ways of multiple repetitions of the same data content with the same MA signature, eventually combined with means like frequency hopping. Therefore, it is proposed to have the following MA resource utilization capability.
Proposal 3: A UE can utilize one or more MA resource(s) for a single transmission, i.e.

· UE could use single/multiple MA signature combined with single/multiple MA physical resource.
2.2
MA resource configuration
In particular in a scenario with stationary UEs transmitting infrequently, but repeatedly small packets, it is useful to assign a MA resource within a certain repetition period, e.g., one radio frame that may be discovered and used by a UE. The UE can utilize these MA resources if necessary e.g. once it has UL data. This transmission method helps to reduce transmission latency which may need dedicated signalling to transmit assigned MA resources to UEs.
The method has the assumption that several UEs are assigned with the same MA physical resource. And optionally, the MA signature can be unique and utilized for both activity detection, identification of the UE and collision reduction. One example is shown in Figure 1, where different UEs camping on the same MA physical resource are allocated with different MA signatures.
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Figure 1: Pre-determined MA resources for grant-free transmission
Proposal 4: A subset of MA resources can be pre-determined in the sense that 
· TRP assigns to the UE at least one MA physical resource and at least one MA signature. Details are FFS.
· Just in the case the UE intends to send UL data, it utilizes its MA resources. 
In scenarios where UEs move, or transmit event-driven small packets, or the number of the UEs for grant-free transmission is massive e.g. for mMTC use case, pre-determined MA resources are inefficient. Instead, a subset of MA resources can be pre-configured by the TRP for spontaneous grant-free transmissions in a way that UE can learn which MA physical resource and MA signatures it may use randomly. Details is FFS. It is allowed that TRP can re-configure the available subset of MA resources using RRC, L2 or PHY signalling to react to the changing traffic load and to balance the collisions.
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Figure 2: UE performs random resource selection under the configuration of the TRP
Several technical options are possible. Common characteristic is that UEs select their MA signature randomly from a given subset of MA resources. Possible technical options include:
· As an option, the UE transmits at first only the randomly selected MA signature without data and the TRP configures the MA resources for random selection by UEs.
· As another option, with the selection of MA signature, the MA physical resource is pre-determined.

· As another option, the time-frequency resource for the transmission of this MA signature is known by the UEs. Details are FFS.

Proposal 5: A subset of MA resources can be selected randomly in the sense that 

· The TRP (re-)configures the subset of the MA resources might be used by UEs. Details are FFS.
· The UE selects at least one MA signature randomly from this subset. 

· The time-frequency resource for the transmission of this MA signature is known by the UEs. Details are FFS.

3
Conclusion

In this document, we discuss technical issues related to the resource configuration for autonomous/grant-free/grant-free UL transmission. We kindly request RAN1 to discuss the following observations and proposals. 
Proposal 1: The TRP should be able to adjust the overall size and amount of MA physical resources in order to achieve a tradeoff between collision probability, resource efficiency and signaling overhead, and also a tradeoff between requirements of different use cases.

Proposal 2: TRP can offer different formats of MA physical resources regarding at least time duration and spectrum. Details are FFS.
Proposal 3: A UE can utilize one or more MA resource(s) for a single transmission, i.e.

· UE could use single/multiple MA signature combined with single/multiple MA physical resource.
Proposal 4: A subset of MA resources can be pre-determined in the sense that 
· TRP assigns to the UE at least one MA physical resource and at least one MA signature. Details are FFS.
· Just in the case the UE intends to send UL data, it utilizes its MA resources. 
Proposal 5: A subset of MA resources can be selected randomly in the sense that 

· The TRP (re-)configures the subset of the MA resources might be used by UEs. Details are FFS.
· The UE selects at least one MA signature randomly from this subset. 
· The time-frequency resource for the transmission of this MA signature is known by the UEs. Details are FFS.
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