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According to the NoMA WID (RP-171043), the SI contains the following objective regarding to procedures related to NoMA:
· UL transmission detection
· HARQ, including transmission scheme, feedback scheme, and combining scheme
· Link adaptation MA signature allocation/selection
· Synchronous and asynchronous operation
· Adaptation between orthogonal and non-orthogonal multiple access
 
This contribution discusses high-level considerations related to procedures for NoMA.  
Discussion
Channel estimation
In orthogonal multiple access, the DMRS of different UEs are not overlapping and there is no pilot contamination. In fact, one has to estimate the channel only for the RE positions where a particular UE is active. Therefore, we only need to place pilots over the indices where each UE is active. In NOMA, though, multiple UEs are transmitting over the same set of resources hence we need to alleviate the impact of pilot contamination.
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 or	thogonal 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 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 [17], which are constant-modulus and possess good autocorrelation properties. 
1. Channel estimation for colliding UEs can be done using DMRS sequences with different cyclic shifts

UE identification
When multiple UEs are allocated on the same time/frequency resources then the gNB does not have a priori knowledge of the UEs’ ID; when the gNB detects a transmission over the shared resources, it does not know which of the assigned UE transmitted. Therefore, it is important to establish mechanisms for acquiring the UE ID, which is especially relevant for NoMA where resources are shared. Moreover, the identification mechanism should be at least as reliable as the payload transmission. The reason is that a passed CRC-check without a UE-ID, tied to the payload, will be lost effort since the gNB cannot acknowledge the packet reception; it will instead have to wait for a new transmission. In the opposite scenario, where the UE-ID is detected but the payload decoding fails, at least we can exploit the acquired UE-ID in order to take remedy actions, such as retransmissions on orthogonal resources.  
It has been proposed, to have the UE-ID connected to the DMRS sequence. This has the added benefit of saving overhead and at the same time it allows for a reasonable number of UEs to be multiplexed over the same resources. In practical CP-OFDM systems, UE-multiplexing can be achieved by assigning different cyclic shifts of the same base sequence, e.g., a CAZAC sequence, to the UEs.
In this section, we conduct some simulations based on the assumptions in Table 1. The target metric is the UE miss-detection probability Pr(UE miss); this quantity is computed by fixing the probability of false alarm, which in turn gives us the detection threshold. The set of assumptions that were used for the simulations are given below. Note that the UE speed should not affect the detection, since the latter is carried out for a single symbol hence channel variations in time are not an issue.
Table 1. Link-level evaluation assumptions for DMRS for data channel (4 GHz)
	Assumptions
	Value

	Waveform
	OFDM

	Carrier frequency
	4GHz

	Subcarrier spacing
	15kHz

	Number of PRBs
	2/4/6/8 

	Channel estimation
	Practical estimation 

	UE speed
	3 km/h

	Channel model
	TDLc

	UE antenna configuration
	2/4/8 RX antennas


We can see in Figure 1, that detection performance is improving with increasing number of PRBs. The reason in that the longer the sequences, the larger its distance from each other as well as from the “all-zero” sequence, i.e., noise when nothing is sent. In particular, we observe a gain around 1.5dB, when moving from 4PRBs to 6PRBs, and an extra gain in the range [0.5,1]dB when the number of PRBs further increasing from 6 to 8. Of course, the price for that gain is that we are occupying more frequency resources. In Figure 2, we see that the number of UEs does not essentially have an impact on the probability of miss-detection, which implies that we can support 6 UEs without sacrificing the detection performance. 
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[bookmark: _Ref489518404]Figure 1: UE miss-detection performance for varying PRB size and 1% Pr(false alarm)
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[bookmark: _Ref489518407]Figure 2: UE miss-detection performance for varying number of UEs and 1% Pr(false alarm)
In Figure 3, we can see that if we increase the false alarm target from 1% to 10% then we get significant gains, of more than 2dBs, for each setup. As stated above, choosing a target value for Pr(false alarm) defines the detection threshold. A higher value for Pr(false alarm) implies a lower detection threshold which in turns results in lower Pr(UE miss), and vice versa. The results here indicate that for an order-of-magnitude change in Pr(false alarm), i.e., from 1% to 10%, we get a gain of more than 2dB in detection performance. Of course, depending on the use-case of interest we should choose the lowest admissible Pr(false alarm) that allows us to achieve a certain Pr(UE miss) value at a target SNR, e.g., -10dB for mMTC. We can see, for example, in Figure 4, that with 10% Pr(false alalrm):
1. Pr(UE miss) = 10-1 can be achieved, at approximately -10dB, with 2RX antennas and 8PRBs 
2. Pr(UE miss) = 10-2 can be achieved, at approximately -10dB, with 4RX antennas and 8PRBs 
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[bookmark: _Ref489518408]Figure 3: UE miss-detection performance for different probabilities of False Alarm
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[bookmark: _Ref489519375]Figure 4: UE miss-detection performance for 10% Pr(False Alarm)
It can be inferred from the presented results that we achieve even lower Pr(UE miss) values, e.g., Pr(UE miss) = 10-3, with other configurations. Such performance can be relevant for certain use-cases. Based on these conclusions, we can make the following statements:
1. UE-identification based on DMRS sequence detection yields acceptable results across the SNR operation range
1. DMRS- based UE-identification should be supported for NoMA
Power control
One key issue with any multiuser detection is the power imbalance between users. More specifically, in most designs it is assumed that the received power from different users at the receiver is either the same or can be ideally controlled. However, in reality the power control process is not ideal and there can be a difference of  between the target power and the realistic power at the receiver. It is important that the power control imperfection is considered in the evaluation of different NoMA schemes.
In Figure 5, we show the impact of imperfect power control on WSMA with 6 and 8 users on 4 resource elements. The variation on the long term received power is modelled as uniformly distributed in the interval dB. We can see that the lack of perfect power control leads to performance degradation, yet the system shows robustness and the penalty is negligible for most of the cases. What is noticeable is that performance may improve in the low-SNR regime. A reason can be that in this regime performance is poor due to the inability to resolve the overlapping UEs. Therefore, asymmetry in the received power levels can benefit some of the UEs, which can dominate the aggregate signal. 
1. Imperfect power control should be considered in evaluation of different NoMA schemes
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[bookmark: _Ref478394439]Figure 5: Sum-rate performance of WSMA4 for a system with QPSK, and imperfect power control, such that the long-term average SNR is uniformly distributed in the interval .

Conclusions
In section 2, the following observations and proposals were made: 
Observation 1: Channel estimation for colliding UEs can be done using DMRS sequences with different cyclic shifts
Observation 2: UE-identification based on DMRS sequence detection yields acceptable results across the SNR operation range
Proposal 1: DMRS- based UE-identification should be supported for NoMA
Proposal 2: Imperfect power control should be considered in evaluation of different NoMA schemes
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