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Background
In RAN1 #85b, it was agreed that non-orthogonal multiple access schemes should be investigated, and that contention-based/grant-free non-orthogonal multiple access should be studied at least for the mMTC uplink [1]. Multiplexing and multiple access address the question how different transmissions are jointly mapped onto the resource grid and carried out in parallel. Studies are focusing on high spectral efficiency eMMB, low-latency uRLLC and high UE-density mMTC. In this paper, we single out efficient access and resource utilization for small data packet scheduling. We discuss two directions that can potentially be superimposed to yield an agile interface for efficient transmission of small payloads; a) Grant-free asynchronous access; and b) non-orthogonal (overlapping) transmissions. For each case, we identify parts of the general evaluation framework that need to be put forward for rigorous performance assessment of future solutions.
Efficient Access 
On an abstract level, one can look at IP traffic that varies, depending on different factors. Small data packages, due to TCP ACK (around 40B), constitute a non-negligible fraction of the IP traffic and are randomly dispersed in time. Among the use-cases of interest in NR, such a traffic pattern is a recurrent theme in mMTC where (mostly) idle devices occasionally wake up to send out small payloads. The density of active devices in mMTC could, in principle, reach 106UEs/Km2 [2], implying that transmission is characterized by irregular bursty traffic that is dominated by light data packets. 
For illustration purposes, consider an LTE system. When the TX buffer in the device has been empty for a long time , the device will be idle for energy conservation purposes, hence when a (small) packet arrives after a long idle period a transmit grant and timing advance have to be acquired. Therefore, the devices will have to go through the LTE Random Access (RA) procedure, illustrated in Figure 1, before transmitting the package. However, the LTE RA procedure is not currently optimized for small data packet transmission.
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[bookmark: _Ref455474495]Figure 1: RACH process for obtaining a UL grant.
In the case of small payloads, efficient resource management (RM) is directly related to the signaling overhead of the contention-based RA process. In particular, the ratio of the resources occupied for the UL grant acquisition to the total load (grant + payload) can be substantial; hence there is room for RM improvement in terms of NW capacity savings. To improve capacity utilization in this scenario, it is important that the UE is not forced to go through the entire RA round, that includes a multistage handshake. Instead it should be able to initiate a transmission without obtaining an exclusive UL transmission grant and/or timing advance, which is typically used for UL synchronization. Apart from enhancing the network resource management, such a paradigm shift would result in faster access and reduced latency, which is a significant aspect of delay-critical services, such as uRLLC.  Thus, asynchronous grant-free transmission should be supported for UL multiple access and there should be provision in NR for resources, where contention-based grant-free access takes place. The introduction of grant-free UL transmission will have certain implications: a) the receiver will be more complex and; b) in the absence of exclusive transmission grants, multiple UEs may attempt to access the same resources.
Proposal 1: Grant-free device transmission should be supported.
Proposal 2: Device transmission not preceded by uplink timing advance procedure (asynchronous transmission) should be supported.
Receiver Complexity 
One consequence of grant-free transmission is that the eNB may be missing information that is related to the UE identity and the transmit configuration, such as the MCS, the sounding sequence. Being oblivious to the UE setup implies that the receiver has to perform blind detection that, in turn, impacts the system performance in two ways:
1. The eNB has to examine all possible transmit patterns, e.g., sequences, spreading codes, etc., in order to identify which ones have been activated. Depending on the architecture, such a brute-force search may scale up to tens or hundreds of patterns.
2. Assuming overlapping UE transmissions (explained later), the receiver will have to employ blind MUD detection, which adds further computational load. Under realistic (imperfect) power control, which is especially true in open-loop transmissions, the UE decoding order has an impact on decoding performance, e.g., if the receiver has a SIC implementation.
A way to tackle the first challenge is to restrict the number of possible MCSs, when the UEs are contending for grant-free access. Apart from the eNB being blind, a consequence of transmitting asynchronously and without obtaining a timing advance is the potential time misalignment, which impacts the OFDM ICI and the placement of the RX FFT. In small cells, where transmissions are likely to arrive within the CP interval, the system is by default robust against such time misalignment. However, when the signal arrivals are separated by more than the CP guard interval then subcarrier orthogonality cannot be guaranteed. It has been agreed in 85# to investigate the impact of time offset with respect to the CP length. Two ways to deal with the lack of time alignment would be to:
1. Include support for SC transmission. 
2. Perform multiple FFTs at the receiver to track the position of the symbols arriving outside the CP window.
However, the task of compensating for potential waveform misalignment can be eased, if we assume downlink synchronization that allows the UEs to have a coarse estimate of the time-offset. In the worst-case scenario, the time misalignment is then twice the propagation time to the eNB. This does not render the system entirely robust, yet limits the number of needed FFTs and consequently the complexity. It has here to be stressed, though, that number of FFTs also depends on the cell size and numerology, the latter with a direct impact on the guard interval length. For some configurations though, e.g., 15KHz numerology and 0.5km cell radius, the UEs can transmit near-synchronously. Extended CP could also be used to reduce the impact of waveform misalignment. Obviously each of the aforementioned directions has some implications and should be investigated together with its impact on receiver design and specification.
Proposal 3: Receiver complexity should be specified in evaluations.
 Non-orthogonal Multiple Access
If there is no exclusive one-to-one assignment of a data slot to a single UE then the resources can, in principle, be accessed by multiple UEs simultaneously. In the conventional RA framework, this corresponds to a collision; an undesired situation that may often result in packet loss or the detection of the strongest UE in a channel-asymmetric setup. However, in the case of mMTC it is beneficial to view overlapping UEs as a scenario where interfering UEs are sharing the resource grid; see Figure 2 for the distinction between orthogonal and non-orthogonal multiple access [3]. Joint treatment of non-orthogonal signals leads to further enhancement of resource utilization in mMTC because of the large number of expected UEs; if the eNB is not interference-aware, i.e., does not perform MUD then collisions will occur with very high probability thereby undermining the target of better resource utilization[footnoteRef:2] and subsequently of low power consumption that is also relevant in mMTC. Further benefits of that approach are enhancement of the useful data throughput that matters in mMTC; and ii) improved latency by scheduling as many UEs as possible at the earliest possible request, which is interesting for uRLLC. Therefore, any gains will not only materialize as higher spectral efficiency but also as lower average access delay (the time lapse between the first transmission request and the successful transmission of the actual data)  [2: Collisions that result in retransmissions will increase the effective signaling overhead compared to the payload.] 

Proposal 4: Non-orthogonal multiple access should be supported for efficient grant-free resource utilization.
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[bookmark: _Ref455480657]Figure 2: Orthogonal data-stream multiplexing (left) and overlapping NOMA transmissions (right). The colors correspond to the data of different UEs. For orthogonal multiplexing only 4 UEs can be accommodated (assuming 4REs/UE). For the NOMA case there is theoretically no such restriction.
To monitor the number of potentially coexisting UEs, the overloading factor  is used, where  denotes the number of UEs that are active on the same resources and  is the number of resource units that can be occupied by an individual UE data transmission within a single transmission block (typically this coincides with the number of REs). This metric simply reflects the number of different stream transmissions that are “sitting” on the same chunk of the resource grid and it may well exceed 100%, i.e., we can have more than one UE per resource unit. This is a very relevant metric to keep track of because it can be used as a complexity proxy when selecting NOMA features or when discussing the MUD implementation that will be employed at the eNB. At the same time, it is important to investigate how:
i. NOMA impacts the receiver complexity under the blind detection framework [4], which was mentioned above as a by-product of grant-free access. 
ii. Asynchronous transmission influences the suitability of NOMA schemes, e.g., robustness to potential time misalignment, and the comparison setup.
Proposal 5: Investigate the impact of grant-free asynchronous transmission on NOMA schemes.
 Proposals
On the basis of the previous discussion the following proposals are set forward:
Proposal 1: Grant-free device transmission should be supported.
Proposal 2: Device transmission not preceded by uplink timing advance procedure (asynchronous transmission) should be supported.
Proposal 3: Receiver complexity should be specified in evaluations.
Proposal 4: Non-orthogonal multiple access should be supported for efficient grant-free resource utilization.
Proposal 5: Investigate the impact of grant-free asynchronous transmission on NOMA schemes.
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