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Introduction
In RAN1 #86 Meeting [1], the following agreements were reached regarding non-orthogonal multiple access schemes for NR.
Agreements:
· NR should target to support UL non-orthogonal multiple access, in addition to the orthogonal approach, targeting at least for mMTC.

· [bookmark: _GoBack]NR should target to support UL “autonomous/grant-free/contention based” at least for mMTC

· Continue study at least the following: 
· Handling of potential collisions of MA signatures
· Retransmission/repetition and potential combining, e.g. HARQ
· Potential link adaptation, e.g. MCS/signature re-assigning
· Relationship between grant-free and grant-based transmissions and associated UE behavior
· Advanced receiver capabilities including complexity analysis

· A MA physical resource for “grant-free” UL transmission is comprised of a time-frequency block
· Note: spatial dimension is not considered as a physical resource in this context
· A MA resource is comprised of a MA physical resource and a MA signature, where a MA signature includes at least one of the following:
· Codebook/Codeword
· Sequence
· Interleaver and/or mapping pattern
· Demodulation reference signal
· Preamble
· Spatial-dimension
· Power-dimension
· Others are not precluded
· Details on MA physical resource and MA signature resource FFS 

In this contribution, we discuss aspects related to handling of potential collisions of MA signatures, and MA signature selection upon retransmissions, for UL grant-free transmissions for mMTC.

Discussion 
For the mMTC usage scenario, in order to reduce the signalling overhead associated with scheduling requests and uplink grants, grant-free/contention based uplink transmissions may be considered. 
For these transmissions, the UE selects a MA signature from a pool of possible MA signatures. Careful consideration needs to be given to the definition of the MA signature pool, as the choice of the MA signature pool impacts both the eNB receiver processing requirements, and the probability of collisions. In a contention-based transmission, collision behaviour of MA signatures is an important aspect of an MA scheme as it has direct impact on the efficiency of time-frequency resources usage. Specifically, if a large pool of MA signatures is employed, the probability of collision is reduced, but the receiver search space (and thus the receiver complexity) increases. Conversely, the receiver processing requirements are lower for a small pool of MA signatures, but the collision probability increases.
While the size of the MA signature pool impacts the collision probability, the signature type, i.e.,  preamble, power level, DM-RS, codebook, etc., impacts the ability of the eNB to decode overlapping UE transmissions. For example, for UL power domain NOMA, the eNB can decode the transmissions from 2 UEs sharing the same time-frequency resources, provided their received power levels are offset by X dB, and also if the channel estimation can be performed for each individual UE. Similarily, for SCMA schemes, transmissions from 2 UEs that select the same codebook and overlap in time/frequency resources may still be decoded by the eNB if channel estimation can be performed for each individual UE.
Based on the above observations, channel estimation appears to be an important requirement to assist resolving collisions of UL grant-free transmissions on the same time-frequency resources. 
Proposal 1: Both orthogonal and non-orthogonal DM-RS should be studied to evaluate their ability to resolve potential collision of UL grant-free transmissions for mMTC.

UL grant-free transmissions may use a stand-alone transmission format, consisting of a preamble, control channel information, and data, as shown in Figure 1 below. The preamble may be part of the MA signature, and it is used to enable the eNB to detect the presence of UL grant-less transmission. 
[image: ]
[bookmark: _Ref462873010]Figure 1 Stand-alone format for the UL grant-free transmission
As the number of distinct preambles may be limited (to reduce the eNB receiver complexity), it is likely that the preamble can only carry a limited amount of information (e.g. a few bits). Therefore, in order to enable the eNB to transmit UE specific ACK/NACK signalling, the UE ID needs to be signalled in the control portion of the grant-less transmission. 
For a grant-less PUSCH transmission, the UE may monitor the associated HARQ-ACK (ACK, NACK and/or DTX) within a specified window. If the UE receives a NACK, the UE may simply retransmit the packet using the same MA signature. In such case, receiving a NACK indicates that the eNB was able to decode the UL control channel correctly, which may indicate that no MA signature collision occurred.
If no ACK/NACK is received by the UE within the ACK window, the may UE assume that a collision occurred, and will need to re-transmit. To reduce the probability of further collisions, frequency hopping may be used such that the UEs uses a different set of MA resource units, while maintaining the same MA signature. However, for scenarios where frequency hopping may not be used, the collision probability for the retransmisisons may be reduced if the UE selects a new MA signature from the pool and uses the new signature for the retransmission. Depending on the specific multiple access scheme, choosing a new MA signature may mean that the UE selects a new codebook, DM-RS, power, etc. Additionally, similar to the LTE RACH procedure, the UE Tx power may be increased upon re-transmission. 

Proposal 2: Mechanisms for re-selection of the MA signature upon retransmisisons should be considered in the design of UL grant-free access schemes.

Summary
This contribution discussed aspects related to the handling of potential collisions of MA signature, and MA signature selection upon retransmissions. The following proposals are made.
Proposal 1: Both orthogonal and non-orthogonal DM-RS should be studied to evaluate their ability to resolve potential collision of UL grant-free transmissions for mMTC. 
Proposal 2: Mechanisms for re-selection of the MA signature upon retransmisisons should be considered in the design of UL grant-free access schemes.
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