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Introduction
In RAN #75 meeting, the study item on Non-Orthogonal Multiple Access (NOMA) for NR has been approved [1]. One of the objectives is to study NOMA including the following aspects:
•	UL transmission detection,
•	HARQ, including transmission scheme, feedback scheme, and combining scheme,
•	link adaptation MA signature allocation/selection,
•	synchronous and asynchronous operation,
•	adaptation between orthogonal and non-orthogonal multiple access.
[bookmark: _GoBack]In this contribution, we discuss the NOMA related procedures with particular emphasis on a new broadcast signal to optimize UE resource selection.

NOMA schemes for URLLC and mMTC
In the Rel-14 NR study item, the support of grant-free NOMA was extensively discussed. This study shows potential benefits of grant-free NOMA. Indeed, skipping the steps of sending Scheduling Request and receiving UL grant reduces both the control overhead together with the energy consumption and the latency of UL data transmission. The former is particularly important for mMTC while the latter obviously benefits URLLC. 

[bookmark: OLE_LINK25][bookmark: OLE_LINK74]Observation 1: grant free NOMA benefits at least mMTC and URLLC
Related procedure for grant-free NOMA

Resource configuration

To perform a grant-free uplink transmission, a UE is semi-statically configured with one or several resource pools. A UE depending on the NOMA waveform selects a certain resource unit within these pools.  It is assumed that these resource pools are shared between a large number of mMTC UEs and known by them thanks to RRC configurations. The number and size of the resource pools can be tuned according to the expected load. Some resource pools can be dedicated to a given QoS or specific path loss range etc. Information on these resource pools may include time/frequency resources allowed for grant free access but also differentiating elements (codebooks, power levels, spreading sequences, DMRS sequences…) whose nature depends on the considered NOMA techniques associated to the configured resources. As a result, a resource unit corresponds to a time-frequency resource but also a DMRS sequence, spreading factor or codeword depending on the NOMA waveform etc.



Observation 2: To perform a grant-free uplink transmission, a UE has access to at least one pool of resources pre-allocated for grant-free access which are shared between several UEs. In mMTC scenarios, many UEs could share the same pool.


UL resource selection

Even in NOMA context, outage may occur: if at least two transmissions occur at the same time, on the same frequency resources and with the same or too close signal differentiating elements (codeword/spreading factor etc..), the receiver might be unable to decode at least one UE payload. Sensitivity to resource collision depends on the NOMA technique considered (including the receiver design which is one of the most important features of NOMA) but resource unit selection remains a crucial step.

If we assume that the UE has no information whatsoever on the resource occupancy prior to transmission than the resource unit selection is either fixed by RRC or random (or a mixed) among the configured resource pools. We call these scenarios blind selection.

Depending on the resource unit chosen by several UEs configured with the same resource pool, the initial transmission can be a success or an outage can occur. Since each UE selects its resource unit with no prior information on the resource occupancy (blindly), it has no lever to reduce its outage or improve its success rate. This will lead operators either to:
· over-dimension the resource pool(s) for grant free access for a high initial transmission success rate, but this would reduce spectral efficiency,
· accept a significant failure rate at initial transmission, which will partially mitigate NOMA benefit (saving latency and energy).

Therefore, performing random resource unit selection is unlikely to be the optimal option from a system-wise point of view but can rather be seen as a consequence of the UE not having any information on the resource pool use.

Observation 3: Blind resource selection is very often considered for uplink grant free transmission, even if sub-optimal, it is due to the UE inability to acquire information on current grant-free resource use

However, a gNB is able to know the real-time usage of resources devoted to grant free access, as well as to build any relevant statistical vision of it.

Observation 4: The gNB knows the information of the use of grant-free resources that UE are lacking. This lack of information leads  them to perform sub-optimal blind resource selection.

If a new broadcast signal is introduced, the gNB could share part of his knowledge on the real-time use of the grant free resource pool. Fig.1 show that such a signal could be a simple bitmap representing the status of each time-frequency resource unit within the grant free resource pool. Accessing this information would allow UEs to perform their resource selection not blindly but by exploiting a comprehensive view of resource use. Therefore, by relying on classical collision avoidance principle like CSMA/CA, transmission on already used resource unit will be avoided while the probability of similar resource selection will be reduced. Consequently, spectral efficiency of the grant free resource pool as well as transmission success rate at first attempt could be largely increased


Figure 1: Broadcast signal informing UE on the real-time status of each grant free time-frequency resource unit

However, as a real-time broadcast of grant free time-frequency resource use might not be always feasible, the broadcast by the gNB of a statistical view on the use of the grant free resource pool is an alternative. It might enable a UE to perform their resource unit selection not blindly but by estimating the selection that will maximize the probability of success depending on their own situation and resource need. For example, a UE that have a largely delay tolerant UL to perform would be able detect if grant-free resources is heavily loaded. In such a situation, it than may decide to delay its transmission to another period in time.
Figure 2 give the example of such a signal carrying the average occupancy of each grant-free time-frequency resource unit over a given period. Note that the broadcast information can be enriched by other characteristics than the time-frequency occupancy.



Figure 2: Broadcast signal informing UE on the average occupancy of each grant free time-frequency resource unit over a period of time.



· Proposal 1: The ability by the gNB to broadcast a real-time view of the use of the resource pool for grant-free access currently in operation should be considered, and its associated benefits should be evaluated with respect to a fixed or a pure random grant free resource selection. 

· Proposal 2: Including into the broadcasted resource pool for grant-free access relevant statistical information on the use made by UEs configured to these resource pools should be considered and its associated benefits should be evaluated with respect to a pure random or fixed grant free resource selection. Which information is relevant depends on the considered NOMA techniques and should be further studied. 




Conclusion
In this contribution, we mainly discussed grant-free related procedures and, more specifically grant free resource configuration and resource selection. We have in particular proposed a new scheme where information on grant free resource use are broadcasted by the gNB so that UEs are able to select resources on pertinent criteria rather than blindly. Based on the discussion, our views are summarized as follows

· Observation 1: grant free NOMA benefits at least mMTC and URLLC

· Observation 2: To perform a grant-free uplink transmission, a UE has access to at least one pool of resources pre-allocated for grant-free access which are shared between several UEs. In mMTC scenarios, many UEs could share the same pool.

· Observation 3: Blind resource selection is very often considered for uplink grant free transmission, even if sub-optimal, it is due to the UE inability to acquire information on current grant-free resource use

· Observation 4: The gNB knows the information of the use of grant-free resources that UE are lacking. This lack of information leads them to perform sub-optimal blind resource selection.

· Proposal 1: The ability by the gNB to broadcast a real-time view of the use of the resource pool for grant-free access currently in operation should be considered, and its associated benefits should be evaluated with respect to a fixed or a pure random grant free resource selection. 

· Proposal 2: Including into the broadcasted resource pool for grant-free access relevant statistical information on the use made by UEs configured to these resource pools should be considered and its associated benefits should be evaluated with respect to a pure random or fixed grant free resource selection. Which information is relevant depends on the considered NOMA techniques and should be further studied. 
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