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1	Introduction
This contribution discusses high-level considerations related to DMRS design for NoMA.
This document is a revision of R1-1811181.
[bookmark: _Ref178064866]2	Discussion
2.1	DMRS for NoMA
In orthogonal multiple access, the DMRS ports of different UEs are separated in time, frequency or code domain, and the pilot contamination is under control. In fact, one has to estimate the channel only for the RE positions where a particular UE is active. Therefore, the pilots only need to be placed over the indices where each UE is active. In NOMA, though, multiple UEs are transmitting over the same set of resources hence the impact of pilot contamination needs to be alleviated.
A typical work-around is to employ L-length DMRS   sequences that are orthogonal, i.e.,  for . Orthogonality in frequency can be achieved by:
i. Orthogonal Cover Codes (OCCs), e.g., based on Walsh-Hadamard codes, which are fundamentally orthogonal sequences.
ii. Comb-like multiplexing, where UEs are partitioned into groups. The groups occupy different REs, whereas the intra-group UEs use orthogonal cover codes.

Let us assume the vector channel model  where  is a diagonal matrix with the elements of the signature vector  on its main diagonal, is the QAM modulated symbol, and  is the channel to the k’th user. The optimal, in the MMSE sense, channel estimator matrix  for the k-th UE’s channel , is obtained as , where the expectation is over the channel distribution . It can be shown that the MMSE channel estimator is as follows

Once the channel estimates are available, the remaining positions of each UE’s channel can be found via interpolation. Due to channel dispersion, this assumption does not hold in practise and there will always be residual interference. Inter-UE interference can be for example handled by a cyclic shift on the basis sequence  and construct a new sequence  whose elements are given as  . Note here that, for time domain CE, the base DMRS sequence is the same for all overlapping UEs; one such example are Zadoff-Chu sequences, which are constant-modulus and possess good autocorrelation properties, which is used in the case of DFT-s-OFDM for PUSCH transmission as indicated in section 6.4.1.1.1.2 of 3GPP TS38.211 [1]. 
In legacy NR, DMRS generation in NR supports both orthogonal and non-orthogonal DMRS generation, as can be understood by 3GPP TS 38.211 [1], section 6.4.1.1.1.1. For CP-OFDM, the DMRS sequence is generated based on a pseudo-random sequence which shall be initialized with


Where the quantity  is indicated by the DM-RS initialization field, if present, in the DCI associated with the PUSCH transmission if DCI format 0_1 is used, otherwise .
To support signature specific DMRS sequence, a signature specific scrambling ID can also be applied for DMRS sequence generation.
Observation:
DMRS sequences with different cyclic shifts and scrambling IDs can be further studied to maximize the number of NOMA UEs that can be co-multiplexed.
The maximum number of orthogonal DMRS ports is determined by the amount of resource used and the amount of delay and Doppler spread that can be tolerated. Therefore, increasing the maximum number of orthogonal ports must increase the overhead for a given delay-Doppler design target.  The performance benefit from additional DMRS for relevant NOMA use cases should justify this overhead cost, and so the maximum number of DMRS ports needed for NOMA should first be established before considering a particular design. It is not clear that extending to, say 24 ports, is either too many or too few without such an analysis.
In [2], a different numerology is proposed for DMRS and associated data, e.g., 7.5 kHz for DMRS and 15 kHz for PUSCH. Though the number of subcarriers is increased in frequency domain, the time duration of each OFDM symbol is also increased, so the overhead of DMRS is increased.
Observations:
The amount of DMRS ports should first be determined according to system level performance gains in relevant NOMA use cases and traffic models.
DMRS overhead should be taken into account when extending the DMRS ports, and the method of using different numerology for RS and associated data may be not a best way.
Page 4
Draft prETS 300 ???: Month YYYY

	4/4	
3	Conclusion
In section 2, the following observations and proposals were made: 
Observations:
DMRS sequences with different cyclic shifts and scrambling IDs can be further studied to maximize the number of NOMA UEs that can be co-multiplexed.
The amount of DMRS ports should first be determined according to system level performance gains in relevant NOMA use cases and traffic models.
DMRS overhead should be taken into account when extending the DMRS ports, and the method of using different numerology for RS and associated data may be not a best way.
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