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Introduction
In RAN1 #93 meeting, it was agreed that [1]
· UL data transmission and detection procedures of Rel-15 configured grant is the starting point for NOMA study.
· Different UL data transmission and detection procedures from Rel-15 configured grant for NOMA study can be considered
· e.g. Preamble, DMRS, synchronization, resource (physical resource and MA signature) configuration, UE detection, HARQ retransmission and ACK/NACK feedback, link adaptation, adaptation between orthogonal and non-orthogonal multiple access, collision control, etc.

In this contribution, we discuss increasing the number of DMRS ports for mMTC service. 
Discussion on DMRS enhancement 

For grant-based and configured grant based UL data transmission, it has been agreed that DMRS is to be used for channel estimation and/or UE activity detection. For non-orthogonal multiple access, in particular in the mMTC service case, it is assumed that traffic overloading will occur, so that multiple UEs use the same configured resource(s) in the resource pool at the same time. So far, it is considered two method for DMRS assignment, that is, random activation and random selection. In such method, especially for random selection, since the UE selects limited DMRS port in preassigned pool, it is assumed that there is probability that DMRS port may collide with the other UE.  Moreover, for random activation, it is assumed that as the number of potential UEs is larger and larger, probability of collision is also larger if gNB assigns same DMRS port to different UE. 

In Release15 NR-based DMRS, two types of DMRS configuration have been agreed, for which the maximum number of DMRS ports is 8 and 12 in DMRS configuration type 1 and type 2, respectively. This means that the maximum number of supportable UEs is 8 or 12 depending on the DMRS configuration type. Hence, in the mMTC service case, as the number of UEs using configured grant based UL data transmission with DMRS random selection increases, it is assumed that the number of orthogonal DMRS ports for the corresponding UEs is insufficient. In other words, there is a probability that DMRS collision. And increasing the number of DMRS ports can mitigate DMRS collision. From the above, it is necessary to specify increasing the number of DMRS ports. 

Proposal 1: Increasing the number of DMRS ports should be specified for considering both more UE accommodation and reducing the probability of DMRS port collision. 


In order to increase the number of DMRS ports, there are two main straightforward directions to be considered, that is, increasing DMRS symbols and reducing the number of DMRS resource elements (RE) per DMRS port to perform channel estimation. The simple relationship between the DMRS extension method and the number of DMRS ports is shown in Table 2, 

Table 2: The maximal number of DMRS ports corresponding to DMRS configuration type and the number of REs for DMRS 
	# of REs per DMRS port per RB/ 
# of DMRS symbols 
	1 symbol 
(2 CDMs) 
	2 symbols
(4 CDMs)
	1+1 symbols 
(4 CDMs)
	1+1+1 symbols 
(4 CDMs)

	Configuration Type 1 (6REs / 12REs)
	4
	8
	16
	24

	Configuration Type 2 (4REs / 8REs)
	6
	12
	24
	36

	2 RE 
	12
	24
	48
	72



where 1+1 symbols represent the two symbols composed by REs of different DMRS ports, and 1+1+1 symbols are also as well. The difference between 2nd column and the others is the number of REs per DMRS port per RB. For configuration type 1, the 2nd column uses 12 REs per port per RB against the others use 6 REs. Also, the difference between 1st column and the others is the number of CDMs. In addition, the orange part has already been agreed in Release 15 NR.

When the additional DMRS symbol(s) is configured to increase the total number of REs, the overhead also increases. On the other hand, if the number of REs is reduced per DMRS port, it is assumed that channel estimation accuracy also decreases. In other words, in order to increase the number of DMRS ports, there is a tradeoff between overhead and accuracy of channel estimation. Therefore, when considering increasing the number of DMRS ports, performance impact from the tradeoff between overhead and accuracy of channel estimation should be evaluated. In addition, as discussed above, evaluation for performance impact of increasing DMRS port should be separately considered both cases that orthogonal DMRS port is assigned for each UE or DMRS collision is happened.

Proposal 2: When considering increasing the number of DMRS ports, following cases should be considered: 
· Performance impact from the tradeoff between overhead and accuracy of channel estimation 
· Whether DMRS collision is happened 

[bookmark: _GoBack]Conclusion
In this contribution, the discussion was mainly focused on DMRS enhancement. Based on this discussion, our views are summarized as follows

Proposal 1: Increasing the number of DMRS ports should be specified for considering both more UE accommodation and reducing the probability of DMRS port collision. 

Proposal 2: When considering increasing the number of DMRS ports, following cases should be considered: 
· Performance impact from the tradeoff between overhead and accuracy of channel estimation 
· Whether DMRS collision is happened 

References
[bookmark: _Ref513817604]Chairman's Notes RAN1 93 final, May 2018.
- 2/2 -
