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Introduction
In the last RAN1#86 meeting, it is agreed that for NR non-orthogonal multiple access evaluation, realistic channel estimation based on DMRS is prioritized, and the impact of DMRS collision in case of grant-free multiple access is for future study. In this contribution, we provide our considerations on the random selection of resources in grant-free transmission. We will discuss the design of the MA physical resource and the role of DMRS in an MA signature. The probability of DMRS collision is also theoretically derived.

Considerations on random selection of resources
There are two options for UL grant-free transmission, of which we only study opt. 1 in this contribution, i.e., a UE performs random resource selection. In this case, an eNB may be unaware of the scheduling information, e.g., the transmitting UEs, the MA resource (including MA physical resource and the MA signature) each transmitting UE has used, and etc.
MA physical resource
To resolve the ambiguity of MA physical resource, we propose that for opt.1 transmission, the MA physical resources allocated for opt. 1 transmission should be divided into orthogonal Multiple Access Blocks of opt. 1 (MAB1) in the time-frequency domain, as Figure 1 shows. Different MAB1 occupies different physical resources and can be associated with different transmission schemes, e.g., TB size, MCS, MIMO schemes. The MAB1 allocation can be broadcasted as the system information. The MA signatures are defined on each MAB1. During transmission, each UE firstly chooses a MAB1, and then an MA signature thereon. This simplifies the receiver processing, as for the receiver, MA detection can be performed in parallel on each MAB1.
MAB1-1
MAB1-2
MAB1-3

[bookmark: _Ref461632956]Figure 1 An example of MAB1 allocation

Proposal 1: The MA physical resources for all users with the grant-free transmission opt. 1 should be divided into orthogonal multiple access blocks (MAB1) in the time-frequency domain, upon which the MA signatures are defined.
MA signature and DMRS
For each MAB1, its MA signatures needs to be defined. According to the agreement of RAN1#86, an 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
For the signature design that includes DMRS, and relies solely on DMRS for channel estimation, the DMRS is so critically important that it should be considered as the identifier of a signature. This is because when two UEs share the same DMRS, their channel estimation cannot be individually obtained, and thus it is impossible for an eNB to distinguish one from the other.
DMRS as the identifier of a signature would make the multiple access detection easier. With each DMRS, an MA signature is associated, including all other elements therein, e.g., a codeword, or a sequence. For the receiver, it needs to perform channel estimation on all possible DMRS patterns, which can also be interpreted as a channel search/signature detection procedure. Then it uses the respective channel to decode the data transmission with the codeword, a sequence, or other elements in the signature associated with the DMRS.
Proposal 2: DMRS should be considered as the identifier of an MA signature.
It is worth noting that the DMRS is not necessarily to be orthogonal. Non-orthogonal DMRS design could enlarge the set of signatures and thus reduce the probability of DMRS collision. However, there are two remaining issues to be solved:
· Non-orthogonal DMRS might affect the accuracy of channel estimation.
· Too large a signature set (too many DMRSs) might impose the complexity for an eNB during the channel search/signature detection procedure.

Probability of DMRS collision
Based on the previous analysis, in a MAB1, DMRS collision is equivalent to signature collision. When it happens, it is impossible to detect all UEs with the same DMRS. In this section, we will derive the probability of DMRS collision.
The parameters are summarized in Table 1. For a transmission instant, every one of  UEs initiates its transmission with a probability . For all the UEs that are to transmit, each randomly picks one DMRS from  DMRS resources with an equal probability, i.e., .
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	Number of total UEs
	

	Number of DMRS resources
	

	Probability of transmitting of each UE
	



We assume that the number of total UEs is much larger than the number of DMRS resources, i.e., . The probability of no DMRS collision can be approximately derived as
	
	[bookmark: _Ref462663035](1)


The detail of the calculation in Eq. (1) can be found in the Appendix.
From the equation, one can find that
	
	(2)


It means that if we partition the UEs and the DMRS resources equally into  groups, the overall probability of no collision is the product of the probabilities of no collision in each individual group. Specifically, if we simultaneously reduce the UE number and the DMRS resources by the same rate, the probability of no collision would be higher. 
When  is sufficiently close to 1, Eq. (2) can be simplified to 
	
	(3)


It converts the probability of DMRS collision under a partition number  into a constant offset in the log scale, i.e., .
Simulation results have verified the theoretical analysis. Figure 2 shows the probability of collision ,i.e., , against the transmission probability  as defined previously. Different curves corresponds to the theoretical results under different configurations of . The markers of the same color around the curve are the simulated results, averaged by  independent realizations of random resource selection. It can be seen from the curve that the theoretical model well matches the simulation. Also when the probability of DMRS collision is sufficiently low, three curves are basically parallel, with the distance in between being  along the y-axis, verifying Eq. (3).
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Observation 1: Eq. (1) shows a well-matched result for the probability of DMRS collision.
Proposal 3: Eq. (1) should be considered to estimate the probability of DMRS collision in random resource selection of grant-free transmission.

Conclusions
In this contribution, we have presented our considerations on the scheme of random resource selection. For the MA physical resource design, orthogonal Multiple Access Block (MAB1) defined in the time-frequency domain is proposed. For the MA signature design, we propose that DMRS should be considered as the identifier of an MA signature. Based on the assumption, the probability of DMRS collision is derived.
The following are the observations and proposals:
Observation 1: Eq. (1) shows a well-matched result for the probability of DMRS collision.
Proposal 1: The MA physical resources for all users with the grant-free transmission opt. 1 should be divided into orthogonal multiple access blocks (MAB1) in the time-frequency domain, upon which the MA signatures are defined.
Proposal 2: DMRS should be considered as the identifier of an MA signature.
Proposal 3: Eq. (1) should be considered to estimate the probability of DMRS collision in random resource selection of grant-free transmission.
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Appendix
The probability of no DMRS collision is

where  is the probability of  UEs being transmitting, and  is the probability of the  DMRSs are different from each other.
When  is sufficiently large , we have the Sterling’s approximation

and thus

And we have

Therefore,
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