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Background
At RAN1 #84b it was concluded that NR waveform is based on OFDM transmission [for both base station and device transmission], with additional functionality added on top of OFDM to be further considered. Thus, the basic NR transmission resource consists of a set of resource elements within an overall OFDM time/frequency resource grid. Multiplexing and multiple access deals with the question how different transmissions to be carried out in parallel are jointly mapped to this overall time/frequency resource. 
Downlink multiplexing 
On the downlink, LTE is mainly relying on orthogonal multiplexing of data transmissions within a cell. Thus, different transmissions are carried out on different non-overlapping sets of the overall time/frequency resources. As a consequence there is no mutual interference between the transmissions at the receiver side. 
At least in theory, higher overall capacity can be achieved by extending to non-orthogonal multiplexing, implying that different transmissions are carried out on at least partly overlapping time/frequency resources. However, to realize this gain of non-orthogonal multiplexing there is a need for more advanced receiver structures at the device side, with the device having to be aware of not only the structure of its own transmission but also the structure of the other parallel non-orthogonal transmissions. This implies a relatively complicated signaling problem and it is unclear if such functionality needs to be included in NR from the first releases. Especially decisions to include such functionality should not be taken without coordination with other decisions related to for example MIMO transmission and multipoint transmission. 
Future-proof design is one of the key requirements of the early phases of the NR radio-access technology. Future introduction of non-orthogonal multiplexing on the downlink would require that resources where non-orthogonal multiplexing is used can be separated from resources on which there is no non-orthogonal multiplexing. However, this is already covered by the decisions on NR design principles taken at RAN1 84b, especially 
· Maximizing the amount of time and freq. resources that can be flexibly utilized or that can be left blanked without causing backward compatibility issues in the future 
· Confining signals and channels for physical layer functionalities (signals, channels, signaling) within a configurable/allocable time/freq. resource

Uplink multiple access
Similar to the downlink, the LTE uplink mainly relies on orthogonal multiple access within a cell, i.e. simultaneous (within the same subframe) uplink transmissions from different devices are carried out on different non-overlapping sets of time/frequency resources. This is enabled by explicit and dynamic time alignment of uplink transmissions, ensuring that transmissions from different devices are received relatively well time aligned at the base station, in combination with dynamic scheduling of the resources to use for an uplink transmission by means of uplink scheduling requests and corresponding explicit scheduling grants provided on the downlink.
It is expected that the same approach, i.e. explicit and dynamic time alignment in combination with explicit and dynamic scheduling of orthogonal resources will be a main mode of operation also for NR device transmissions. However, for the uplink it is important to also consider the support for complementary non-orthogonal device transmissions. Specifically, it makes sense to consider complementary transmission not requiring devices to be provided with explicit dedicated scheduling grants and requiring tight time alignment between transmissions.
The support for non-orthogonal device transmissions is specifically relevant for
· Transmission of very small data payloads for which the signaling to request scheduling and providing scheduling grants would lead to a substantial overhead
· Transmission of delay-critical payloads for which the latency to request scheduling and providing scheduling grants is not acceptable and for which, at the same time, semi-static assignment of a dedicated resource cannot be justified.
Uplink non-orthogonal transmissions can be supported in different ways. 
In the most simple case, devices are simply semi-statically provided with non-dedicated resources that can be used on a per need basis. If multiple devices use the same resource there will be a collision that, in the most simple case, can be resolved by retransmission. However, this approach will not work properly as soon as the load is such that the number of collisions starts to become substantial. 
[bookmark: _GoBack]To allow for multiple non-orthogonal transmissions to be properly decoded without any specific joint-detection functionality at the receiver side, the transmissions should be configured to provide sufficient processing gain to allow for decoding also in presence of the interference from the non-orthogonal transmissions. Note that this is very much the principle applied for the WCDMA/HSPA uplink. Processing gain can be provided by means of direct-sequence spreading (in the time/frequency-domain in case of OFDM based transmission) or by explicit FEC. In practice, a combination of these will be used where explicit FEC is used down to a certain code rate (up to a certain processing gain) and repetition coding (equivalent to direct-sequence spreading) is applied to further increase the processing gain. Our understanding is that, for example, RSMA [1] falls under this approach.
It should be noted that the use of processing gain to receive multiple non-orthogonal transmissions require that the transmissions are received by approximately the same power assuming the processing gain is the same[footnoteRef:1]. This requires at least some degree of power control of the device transmissions, something that may not always be possible if low overhead or very low latency is required. [1:  In the general case the received powers should match the processing gain of each transmission] 

If power control cannot be achieved, more advanced “joint-detection” approaches, such as successive interference cancellation is needed. 
Alternatively, to support non-orthogonal device transmissions within a cell, one can use specific transmission formats that are specifically designed to enable “better” joint detection. Our understanding is that MUSA [2], SCMA [3], and PDMA [4] are examples of this approach.
It is important to ensure that a non-orthogonal transmission scheme for the NR uplink should enable operation without the need for explicit and dynamic scheduling. It should also allow for asynchronous uplink transmissions. 
Recommendations
· Do not make a decision to introduce downlink non-orthogonal transmissions at this stage. Especially, decisions to include such functionality should not be taken without coordination with other decisions related to for example MIMO transmission and multipoint transmission.
· NR uplink should support non-orthogonal uplink transmission, at least for small payloads and highly delay-critical transmissions. Such non-orthogonal uplink transmissions should enable operation without the need for explicit and dynamic scheduling. It should also allow for asynchronous uplink transmission. 
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