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Introduction
It was agreed in RAN1#86 that [1]
· NR should target to support UL “autonomous/grant-free/contention based” at least for mMTC
For MA resource configuration in autonomous/grant-free/contention-based UL transmission, it was agreed that,
· At least the following options for “autonomous/grant-free/contention based” UL transmission should be studied
· Opt. 1: a UE performs random resource selection
· Details FFS
· Opt. 2: a UE’s resource is pre-configured by eNB or pre-determined
· Details FFS
· Other options are not precluded
· 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 
Furthermore, it was also agreed that, 
· 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
Based on the agreement for autonomous/grant-free/contention-based UL transmission, this contribution continues with further discussion on handling of potential collisions. 
As agreed in RAN1#86, the terminology “autonomous/grant-free/contention based” will be referred to as “grant-free” transmission in the rest of this contribution.  

[bookmark: _Ref129681832]Discussion on potential collision types in grant-free transmission 
The goal of grant-free design is to let users transmit data in an arrive-and-go manner. Once the data of a UE arrives, it is transmitted immediately using a randomly selected or pre-configured/pre-determined MA resource, without waiting for BS to schedule or send grant. When two or more UEs transmit their data using a same MA resource, collision happens, as shown in Figure 1. 


Figure 1 Collision happens when two or more UEs transmit using a same MA resource

As agreed in [1], a MA resource is comprised of a MA physical resource and a MA signature. Therefore, collisions in grant-free transmission can be naturally categorized into the following two categories:
· Collision of MA physical resource: two or more UEs transmit their data in the same MA physical resource but using different MA signatures;
· Collision of MA signature: two or more UEs transmit their data in the same MA physical resource using the same MA signature.
For collision of MA physical resource, non-orthogonal MA has been proposed by different companies [2] as a solution. In non-orthogonal MA with grant-free transmissions, physical resource collision is natural. It has been proved by plenty of link-level simulations that non-orthogonal MA outperforms OFDMA in terms of UL overloading capability [2]. Therefore, we believe that MA physical resource collision can be solved by the introduction of a proper non-orthogonal MA scheme.
According to the definition of MA signatures in [1], collision of MA signature can be further divided into two types:
· Collision of codebook/codeword/sequence/interleaver/mapping pattern: two or more UEs transmit their data sharing the same MA physical resource using the same codebook/codeword/sequence/interleaver/mapping pattern but different preambles/RSs;
· Collision of preamble/RS: two or more UEs transmit their data sharing the same MA physical resource using the same preamble/RS.
The collision of codebook/codeword/sequence/interleaver/mapping pattern is mainly introduced by the application of non-orthogonal MA to solve the collision of MA physical resource. The good news is, with well designed codebook/codeword/sequence/interleaver/mapping pattern, non-orthogonal MA could be very robust to such collision. One example is given by [3], in which SCMA has been shown to be robust to random codebook allocation with codebook collision. The robustness to codebook/codeword/sequence/interleaver/mapping pattern collision should be one of the metric to investigate non-orthogonal MA schemes and receivers. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The collision of preamble/RS, on the other hand, is different from the collision of the above type, and is not directly related to MA schemes applied. As discussed in [4], preamble/RS can be used for UE (activity) detection and/or channel estimation in grant-free transmission. If collision of preamble/RS happens, the accuracy of UE detection and/or channel estimation will be degraded, which will in turn deteriorate the performance of grant-free transmission, no matter which MA scheme is applied. To this end, potential schemes should be studied to avoid or at least to reduce the probability of such collision.

Observation 1: Collision of MA physical resource can be solved by the introduction of proper non-orthogonal MA schemes.
Observation 2: Collision of MA signature could be further divided as collision of codebook/codeword/sequence/interleaver/mapping pattern and collision of preamble/RS. 
Proposal 1: Performance of tolerance to the collision of codebook/codeword/sequence/interleaver/mapping pattern should be used as one metric to evaluate non-orthogonal MA schemes if applied in grant-free transmission.
Proposal 2: Solutions to deal with preamble/RS collision should be studied.

Solutions to the potential collisions of MA signatures
In this section, several schemes that could be used to handle the potential collisions of MA signatures in grant-free transmission are discussed. Basically, they can be divided into three categories
· Cat 1: MA signature design and detection optimization
· Cat 2: MA resource management
· Cat 3: MA mode switching mechanism
MA signature design and detection optimization
A fundamental reason that causes MA signature collision is that the amount of available MA signatures is smaller than the number of potential active UEs on the given MA physical resources. Therefore, the very straight forward way is to design a large number of MA signatures with good characteristics (low density or low correlation). More specially, 
· To enlarge the pool of codebooks/sequences, example methods including but not limited to increasing the spreading factor of the codebooks/sequences, combined with some hopping pattern to randomize the overall codebook collision within the code block, etc. 
· To enlarge the pool of preambles/RSs, example method including but not limited to orthogonal RS design with lower density and introduction of non-orthogonal RS, under the same RS overhead consumption. More details on RS design can be found in [4].
However, in general, there is fundamental tradeoff between the number of available signatures and the detection performance, which should be taken into consideration for a complete evaluation. 

Proposal 3: Study and evaluate the impact of MA signature pool design, including the pool of codebooks/sequences, and the pool of preambles/RSs.

MA resource management
MA resource management can also be used to reduce the probability of MA signature collision in grant-free transmission, such as MA resource configuration/reconfiguration, UE mapping/re-mapping, MA resource hopping, retransmission/repetition with back-off time, and etc.
Unlike granted transmission, in grant-free transmission, BS can not precisely control uplink transmission opportunities. Therefore, it is not easy for BS to determine whether a MA resource is heavily loaded (which may cause collisions of MA signatures) or not. However, there are still ways that can help with load estimation in BS side. For example, BS can expect a heavy load or many collisions of MA signatures in a MA resource if a large amount of frequent uplink transmissions are detected, or many decoded data streams fail to pass CRC check. In this case, BS can re-group some potential UEs and re-map them to a lightly loaded or a newly allocated MA resource to avoid collisions or to reduce the probability of collision [5]. 
When retransmission/repetition or HARQ is allowed, hopping among available MA physical resources and/or retransmission with some random back-off time (asynchronous HARQ retransmission, more details can be found in [6]) can also help to reduce the overall collision probability for a complete decoding. Random hopping or hopping based on pre-defined patterns can both be considered.

Proposal 4: Study the design of MA resource management, including the configuration of MA resource and the associated UE mapping method, etc.

Mode switching mechanism
Mode switching mechanism to switch part of the UEs to grant-based transmission is another potential way that can be used for collision reduction.
In grant-free transmission, a UE may experience a constant collision due to extremely high load of grant-free transmission. In this case, MA resource management may not help much to reduce the collision probability and it is better for this kind of UE to switch to grant-based transmission mode after the number of retransmissions reaches a pre-defined maximum value or a pre-configured timer expires. This will help to reduce the load of grant-free transmission effectively and hence the probability of collisions of MA signatures. The switch from grant-free to grant-based transmission can be initiated by either BS or UE itself.
Proposal 5: Study the mode switching mechanism for part of the grant-free UEs switching to grant-based transmission.

Conclusion
The following are observed on collision types in grant-free transmission:
Observation 1: Collision of MA physical resource can be solved by the introduction of proper non-orthogonal MA schemes.
Observation 2: Collision of MA signature could be further divided as collision of codebook/codeword/sequence/interleaver/mapping pattern and collision of preamble/RS. 

To handle collisions of MA signatures, the following are proposed:
Proposal 1: Performance of tolerance to the collision of codebook/codeword/sequence/interleaver/mapping pattern should be used as one metric to evaluate non-orthogonal MA schemes if applied in grant-free transmission.
Proposal 2: Solutions to deal with preamble/RS collision should be studied.
Proposal 3: Study and evaluate the impact of MA signature pool design, including the pool of codebooks/sequences, and the pool of preambles/RSs.
Proposal 4: Study the design of MA resource management, including the configuration of MA resource and the associated UE mapping method, etc.
Proposal 5: Study the mode switching mechanism for part of the grant-free UEs switching to grant-based transmission.
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