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1 Introduction

Several non-orthogonal multiple access schemes were suggested for consideration during RAN1#84bis and the following were agreed. 
Agreements:
· Non-orthogonal multiple access should be investigated for diversified NR usage scenarios and use cases

· At least for UL mMTC, autonomous/grant-free/contention based non-orthogonal multiple access should be studied

This contribution considers various aspects related to the use of non-orthogonal multiple access for NR. A companion contribution [1] considers specific non-orthogonal multiple access schemes.
2 Operation Scenarios 
Non-orthogonal multiple access is a general transmission principle and need not be specific to NR although the technical discussions can be as part of the NR. For example, non-orthogonal multiple access is already used for the UL of CDMA-based networks and there is no apparent reason for schemes considered for NR to not be directly applicable to LTE-A Pro. 
For a proper assessment of different non-orthogonal multiple access schemes various trade-offs need to be considered as relative attributes of various such schemes depend on the service scenario. For example, for eMBB, non-orthogonal multiple access needs to be conditioned on UE groupings also fulfilling optimal frequency domain scheduling conditions including allocation of power and frequency resources. Moreover, coexistence with other transmission techniques suitable to eMBB, such as MIMO-based ones, needs to be considered. Based on evaluations from the MUST SI [2], gains from superposition of transmissions are significantly reduced in case of sub-band scheduling or with few scheduled UEs per subframe, as it is typically needed to provide high data rates, or with use of FD-MIMO. It is questionable whether any additional gains can exist to justify a potential large increase in UE receiver complexity (depending on the non-orthogonal multiple access scheme). For the UL, opportunities for grouping multiple UEs are expected to be even fewer as traffic is typically DL-dominant, data TBs are smaller, and transmission power uncertainties are large (e.g. +- 6 dB). Consequently, a conclusion from the discussions in RAN1#84bis was to first consider autonomous/grant-free/contention based non-orthogonal multiple access for UL mMTC where traffic is also typically UL dominant. In the following, focus in on UL mMTC (it is assumed to be broadly understood that non-orthogonal multiple access is not appropriate for DL mMTC). 
Observation 1: It is preferable for initial studies on non-orthogonal multiple access schemes to focus on UL mMTC.

One justification for non-orthogonal multiple access for UL mMTC is the capability to have grant-free, contention-based, PUSCH transmissions. Grant-free transmissions do not imply that UEs can transmit at any time as then the eNB has no realistic means to detect a transmission and instances for grant-free PUSCH transmissions should be under the control of the eNB. Therefore, UEs will need to determine available instances for PUSCH transmissions based on broadcast and/or UE-specific signaling from the eNB. 

Observation 2: For grant-free transmission in mMTC, UEs need to be configured by broadcast signaling and/or UE-specific signaling the available transmission instances.

Grant-free PUSCH transmissions can therefore be viewed as being similar to SPS transmissions where, upon exiting eDRX, a UE is given at least one opportunity to transmit (it is noted that there may or may not be possibility for ambiguity between the UE and eNB about the exact eDRX cycle of the UE). It is up to the eNB how to configure the PUSCH resources for each UE and therefore it is up to the eNB whether to enable orthogonal or non-orthogonal transmission for a UE. For example, a network can arrange a majority of mMTC signaling, such as for example metering reports, to occur during off-peak hours and can further arrange eDRX cycles and resources of UEs to enable orthogonal transmission. However, this may not be possible in general and support for non-orthogonal multiple access needs to be enabled. 

Observation 3: Grant-free PUSCH transmission is similar to SPS PUSCH and it is up to the eNB whether to always configure orthogonal or also allow for non-orthogonal PUSCH transmissions.

Grant-free transmissions may be considered as largely diminishing the ability of the eNB to select UEs for non-orthogonal multiple access. This implies that favorable grouping of UEs according to power, channel response, or resources may not be feasible. For eMTC, where latency is not a critical metric, the eNB can somewhat mitigate this problem by assigning transmission timing opportunities and common resources to pools of UEs that satisfy certain selection criteria, such as having a predetermined differences in PUSCH transmission power, MCS, etc. UEs can also be power limited and transmit with maximum power in which case power may seem to not be a degree of freedom. However, in reality, this is not the case as it is not the transmission power that matters but the received power and coverage limited UEs can have materially different reception power and require different number of repetitions. Nevertheless, in all cases, accurate channel estimation is critical for every non-orthogonal multiple access scheme and this can be a challenge for UEs associated with mMTC applications as a likelihood for low SINR operation is increased due to a likelihood of a low cost amplifier, and/or small battery power, and or non-free space propagation loss.
Observation 4: UE-grouping is statistically possible to some extent for grant-free PUSCH transmissions in mMTC.

Observation 5: Channel estimation accuracy can be a limiting factor for non-orthogonal multiple access schemes in UL mMTC. 

Orthogonal multiplexing is also possible in case of repetitions similar to the case of PUCCH Format 1a/1b (repetition of HARQ-ACK signaling over a number of symbols is equivalent to repetition of data over a transmission time interval). For grant-free transmission and a pool with a large number of UEs (larger than the number of orthogonal codes), it cannot be guaranteed that difference UEs will use different orthogonal codes but this can be combined with multiple repetition levels thereby allowing use of orthogonal codes with different length and materially different reception powers (e.g. 3 dB or more) at the eNB which can enable a SIC receiver.  
Observation 6: Orthogonal multiple access can be supported for coverage enhanced transmissions.

One aspect of mMTC operation is a possibility for a UE to transmit after exiting an eDRX state without establishing prior UL synchronization through a random access process. The UE will still need to detect the synchronization signals, the PBCH and the SIBs, before beginning PUSCH transmissions and identifying itself to the network but the UE may skip the random access process. Whether this is a meaningful deployment scenario depends on several aspects. For example, for Rel-13 eMTC and without enhancing coverage for synchronization signals in NR (at least to cope with the 1 Rx antenna if not with non-free-space path-loss), a UE can require a significantly longer time to detect the synchronization signals than to complete the random access process. Also, regardless of possible enhancements to synchronization signals or possible reductions in the contents of the SIBs (which may often change as UEs for mMTC applications can have very long eDRX cycles), a UE can require a significantly longer time to detect all SIBs than to complete the random access process. 
Observation 7: Whether it is meaningful for a UE to entirely skip the random access process to conserve power is FFS and depends on other design parameters in eMTC.

However, due to their reduced coverage, a majority of mMTC UEs typically will not have a very large distance from the eNB (e.g. above a few kilometers). In such cases, synchronization within the CP can be achieved based on DL signaling. The exact range for this to be possible will depend on the symbol duration and the CP length for mMTC applications and the CP length can depend on the distance from the eNB similar to using normal CP and extended CP in LTE.

Observation 8: Synchronous UL transmissions, within the CP, are typically possible for mMTC without a UE performing random access after exiting eDRX. 

The impact from asynchronous transmissions and inter-UE ISI on the PUSCH reception will also need to be considered. For example, channel estimation will be degraded as DMRS may interfere with data transmissions and orthogonal DMRS multiplexing may not be possible. Additionally, frequency offset correction (required after a UE exits eDRX) typically utilizes the DMRS symbols in a subframe and non-orthogonal DMRS transmissions will also degrade frequency synchronization between the UE transmitter and the eNB receiver. For synchronous operation, as UEs for mMTC applications are typically stationary and do not experience highly frequency selective channel, it is rather simple for an eNB to ensure orthogonal DMRS multiplexing as a large number of cyclic shifts is available (assuming SC-FDMA).
Observation 9: In case of non-orthogonal multiple access for UL mMTC, it is beneficial for the PUSCH DMRS multiplexing to be orthogonal. 

Grant-free transmissions complicate acknowledging a correct reception or supporting HARQ retransmissions. Without HARQ-ACK feedback from the eNB, the UE cannot determine whether it needs to retransmit a PUSCH. Without being capable to identify a UE that transmitted a PUSCH, the eNB cannot trigger a HARQ retransmission. These are not issues for orthogonal transmissions as each UE can be uniquely identified from the PUSCH resources but for non-orthogonal transmissions the eNB cannot identify UEs for which the data TB decoding was incorrect. In case of orthogonal DMRS multiplexing, the DMRS may provide UE identification at least when the SINR is not too low and DMRS detection can be reliable. HARQ retransmissions can then be scheduled for identified UEs.  

Observation 10: Orthogonal DMRS multiplexing may enable UE identification in case of non-orthogonal PUSCH transmissions. 

In case of transmissions with enhanced coverage (repetitions), it is beneficial to target a large BLER (such as 30% or more) for the initial transmission of a data TB and rely on retransmissions instead of targeting a low BLER (such as 10%). However, this is not the case for non-orthogonal multiple access, at least for schemes relying on SIC, since the BLER at least for data TBs for which decoding relies on cancelling interference from other data TBs will be significantly increased. Therefore, aspects such as the target BLER need to also be considered when evaluating non-orthogonal multiple-access schemes.

Observation 11: Potential gains from non-orthogonal multiple access schemes need to consider the BLER required for such gains to materialize.  

It is also important that the channel medium access mechanism allows for orthogonal multiple access. When the number of UEs accessing the system at a given time is not large relative to available resources, such as for example mMTC operation during off-peak hours when the system may have negligible eMBB traffic, orthogonal multiple access is preferable as there is no reason for any performance loss. For example, if 6 PRBs are available for PUSCH transmissions over 1 RB and the number of UEs accessing the system at a given subframe is not larger than 6, orthogonal multiple access is preferable to non-orthogonal multiple access. 

Observation 12: It should be possible to efficiently enable/disable non-orthogonal multiple access. 

Additionally, as any non-orthogonal multiple access scheme has practical limitations in the number of UEs it can support, the number of UEs with grant-free non-orthogonal multiple access (in same resources) needs to be controlled by the eNB. Although this seems trivial to do for SPS-like grant-free access, an implementation needs to consider the trade-off in the number of UEs allowed to access the same resources at the same time for larger average efficiency (configure a relatively large number of UEs to potentially access the resources at a given time) and detection failure probability (the number of UEs actually accessing the resources turns out to be too large). An access triggering mechanism is then needed to complement non-orthogonal multiple access where a UE withholds transmission if it is not triggered a transmission.  

Observation 13: It is beneficial for the eNB to have the ability to control how many UEs access the same resources at the same time. 

3 Conclusions

This contribution considered aspects for non-orthogonal multiple access schemes. Based on the observations from the analysis, the following are proposed. 
Proposal 1: The initial focus of non-orthogonal multiple access schemes is UL mMTC.

Proposal 2: UL transmissions can be assumed synchronous within the CP.

Proposal 3: Non-orthogonal PUSCH transmissions maintain orthogonal DMRS multiplexing.

Proposal 4: Link level evaluations consider uncertainties in PUSCH transmission power, realistic channel estimation and frequency offset estimation and correction, and a range of BLERs. 

Proposal 5: Grant-free access should be complemented by an access triggering mechanism for a group of UEs.
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