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1. Introduction
Multiple access (MA) schemes for NR were extensively discussed in RAN1 [1-12]. The following agreements were reached in RAN1 #84bis meeting:
· Study multiple access mechanisms including UL-grant less transmission, contention-based transmission, non-orthogonal multiple access

…
· 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.
Further agreements were reached in RAN1 #85 meeting:

· Autonomous/grant-free/contention based UL non-orthogonal multiple access has the following characteristics

· A transmission from UE does not need the dynamic and explicit scheduling grant from eNB

· Multiple UEs can share the same time and frequency resources

· For autonomous/grant-free/contention based UL non-orthogonal multiple access, the following should be studied

· Collision of time/frequency resources from different UEs, solutions potentially including 

· E.g., code, sequence, interleaver pattern

· UL synchronization (DL synchronization assumed)

· Case 1: Timing offsets between UEs are within a cyclic prefix

· Case 2: Timing offsets between UEs can be greater than a cyclic prefix, FFS the exact model of timing offsets 

· Requirement for power control

· Case 1: Perfect open-loop power control, i.e., equal average SNR between UEs for potentially link level calibration
· Case 2: Realistic open-loop power control with certain alpha and P0 values
· Case 3: Close-loop power control

· Receiver impact
· NR supports at least synchronous/scheduling-based orthogonal multiple access for DL/UL transmission schemes, at least targeting for eMBB.
· Note: Synchronous means that timing offset between UEs is within cyclic prefix by e.g. timing alignment
In this contribution, we discuss the usage scenarios for UL non-orthogonal MA, and give our views on the physical layer design for UL contention-based non-orthogonal MA. 

2. Usage scenarios for UL non-orthogonal MA
UL non-orthogonal MA can be applied in the three NR scenarios:
· mMTC:
In mMTC scenario with massive infrequent small packets, grant-free and contention-based UL non-orthogonal MA is expected to reduce the signaling overhead, battery consumption, and increase the number of UE connections.

The network may preserve some time/frequency resources for mMTC services with grant-free contention-based non-orthogonal MA transmissions.
· URLLC:

For URLLC scenario, the main benefit of grant-free contention-based UL non-orthogonal MA is latency reduction. Note that for URLLC, in contrast to mMTC, high overloading capability is not so critical and the service reliability is of great importance.
· eMBB:

UL non-orthogonal MA is mainly for cell average and cell edge throughput enhancements in eMBB scenario, and both contention-based and scheduling-based non-orthogonal MA can be considered.
Proposal 1: Grant-free contention-based non-orthogonal MA should be studied for UL mMTC, URLLC and eMBB scenarios, and scheduling-based non-orthogonal MA should be studied for UL eMBB.
3. Physical layer design for UL contention-based non-orthogonal MA
This section discusses several physical layer design aspects for UL contention-based non-orthogonal MA, including the design of UL physical channel, re-transmission, demodulation RS, MCS and inter-cell interference handling.

3.1.  UL physical channel
To support grant-free contention-based UL non-orthogonal transmission, two options for UL physical channel design can be considered, as illustrated in Figure 1:
· Option 1: Preamble + Control channel + Data channel
· Option 2: Preamble + Data channel (contain control and data information)
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(b) Option 2
Figure 1.
UL physical channel for grant-free contention-based non-orthogonal transmission

Preamble is used for UL signal detection and channel estimation. For option 1, control channel is used to carry control information such as UE id. For option 2, control information are carried on data channel.
It is seen that in both options, if the preamble cannot be correctly detected, it is difficult to detect data/control information. In LTE, different target detection probabilities are requested for different physical channels: the probability of false detection of the LTE PRACH preamble shall be 0.1% or less, and the probability of detection of LTE PRACH preamble should be 99% or more; the detection probability for LTE PUCCH should be 99% or more; the target BLER for LTE PUSCH is 10% or less. 
So, for designing the physical channel for contention-based UL non-orthogonal transmission, it is suggested that target detection probability in descending order is: preamble, control channel (for option 1), data channel.
Proposal 2: To support grant-free contention-based UL non-orthogonal transmission, the following two options for UL physical channel design can be considered, and target detection probability in descending order is: preamble, control channel (for option 1), data channel.
· Option 1: Preamble + Control channel + Data channel

· Option 2: Preamble + Data channel (contain control and data information) 
3.2.  Re-transmission
For contention-based transmission, if the first transmission of data information is not correctly detected, there will be another attempt. The re-transmission(s) can be autonomous or scheduled by BS depending on whether a control channel is introduced. More specifically, if there is a control channel (i.e., option 1 in section 3.1) and the control channel is correctly detected
, the BS could know the UE id for this unsuccessful data transmission, and schedule one re-transmission; otherwise, the re-transmission(s) should be autonomous. In the former case, multiple transmissions can be combined at physical layer, and the link performance can be obviously improved.
Observation 1: Re-transmission(s) can be autonomous or scheduled by BS depending on the physical channel design.
3.3.  Demodulation RS
The channel estimation accuracy based on UL demodulation RS has direct impact on the link performance of control/data channel, and thus lower overloading factor may be designed for demodulation RS compared to that for control/data transmission. Practical channel estimation needs to be considered in the MA evaluation.
One possible way is that the preamble can be used as RS for control/data demodulation, and the channel estimation performance needs to be investigated especially for high-speed scenarios. Another possible way is to reuse the structure and sequence design for LTE UL demodulation RS.

Proposal 3: Lower overloading factor may be designed for demodulation RS compared to that for control/data transmission, and practical channel estimation needs to be considered in the evaluation.
3.4.  MCS
For contention-based non-orthogonal transmission, the number of candidate MCS levels should be limited in order to control the receiver complexity. Proposal 4 is given for contention-based non-orthogonal MA transmission:

Proposal 4: Allow one MCS or a limited number of MCSs.
3.5.  Inter-cell interference handling
One thing is that when multiple UEs from one cell transmit UL signal simultaneously, the interference produced to the neighboring cells may be increased. The increased inter-cell interference can be modeled by system level simulation, and inter-cell interference handling (such as using MMSE-IRC receiver introduced in LTE Rel-13 [13]) should be considered.
Observation 2: When multiple UEs from one cell transmit UL signal simultaneously, the interference produced to the neighboring cells may be increased.
Proposal 5: Inter-cell interference handling, such as using MMSE-IRC receiver introduced in LTE Rel-13, should be considered.
4. Conclusion
This contribution discussed the usage scenarios for UL non-orthogonal MA, and the physical layer design for UL contention-based non-orthogonal MA. 

Proposal 1 was given regarding the usage scenarios for UL non-orthogonal MA:
Proposal 1: Grant-free contention-based non-orthogonal MA should be studied for UL mMTC, URLLC and eMBB scenarios, and scheduling-based non-orthogonal MA should be studied for UL eMBB.
The following observations and proposals were given regarding the physical layer design for UL contention-based non-orthogonal MA:
Proposal 2: To support grant-free contention-based UL non-orthogonal transmission, the following two options for UL physical channel design can be considered, and target detection probability in descending order is: preamble, control channel (for option 1), data channel.
· Option 1: Preamble + Control channel + Data channel

· Option 2: Preamble + Data channel (contain control and data information) 
Observation 1: Re-transmission(s) can be autonomous or scheduled by BS depending on the physical channel design.
Proposal 3: Lower overloading factor may be designed for demodulation RS compared to that for control/data transmission, and practical channel estimation needs to be considered in the evaluation.
Proposal 4: Allow one MCS or a limited number of MCSs.
Observation 2: When multiple UEs from one cell transmit UL signal simultaneously, the interference produced to the neighboring cells may be increased.
Proposal 5: Inter-cell interference handling, such as using MMSE-IRC receiver introduced in LTE Rel-13, should be considered.
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� The detection probabilities for preamble and control channel are higher than that for data channel, as discussed in section 3.1.
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