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1	Introduction
According to the NoMA SID (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.  
[bookmark: _Ref178064866]2	Discussion
2.1	Resource Allocation for NoMA
According to the study item description, NoMA can be applied to both dynamically scheduled UEs as well as “grant-free UEs”. The case of grant-free was extensively discussed during Rel-15 NR WI under the name configured grant and the feature includes two types which is either fully RRC configured (type 1) or RRC-configured and DCI-activated (type 2). 
As NoMA is an NR study item, the feature should follow the general design of NR, and therefore should consider only type 1 and type 2 configured grant in the resource allocation.

Resource allocation in NoMA SI should consider the existing schemes in NR, i.e. scheduling by dynamic grant, and scheduling by configured grant type 1 and type 2 

In the case of dynamically scheduled UEs, since the scheduling is done based on the scheduling request, there is always UL data for transmission which means that if e.g. 6 UEs are scheduled to be transmitted on the same resources, all of them are present. So optimal NoMA sequences for 6 UEs can be designed as used to guarantee the best performance. However, in the case of configured grant type 1 and type 2, although e.g. 6 UEs may be scheduled for the same resources, maybe some of the UEs do not have data to transmit in those resources. For example, out of 6 scheduled UEs, maybe only 3 of them have data to transmit and as a result the design for 6 UEs may not be the optimal design. This is a problem that has to be addressed in the signature design.

2.2	Synchronous vs Asynchronous Operation in NoMA
The study item in NoMA describes that the design should target both synchronous and asynchronous cases. It is clear that the case of synchronous, refers to that the time misalignment between UEs should be within the CP, where this is of course the time misalignment between the reception of the signals from different UEs at the receiver.
However, there is some ambiguity in the term asynchronous, where it is not specified the time misalignments between the UEs. Asynchronous operation can mean that either of the following
· The UEs are not symbol-synchronized where for example OFDM symbol 3 on one UE is sent at the same time as symbol 1 on another UE,
· or UEs are partially symbol synchronized, but the misalignment between the two UEs is beyond the CP, 
· or the UEs are not symbol synchronized (symbol 1 and 3 are received almost at the same time) and also the misalignment between the symbols are bayond the CP
[bookmark: _GoBack]The design in NR is based on synchronous operation in the UL, where UEs by performing measurements and applying a timing advance are synchronous within the cyclic prefix. Following the NR design, the prime target for NoMA should also be synchronous operation. However, if asynchronous operation is to be considered, some of the problems that already exist even without NoMA had to be addressed. One main issue with asynchronous reception of different UEs (reception beyond CP) is that different FFTs should be used at the receivers, which means different receive chains has to be used. 

NoMA SI should primarily consider synchronous transmission within the CP. In a next step the implications of the asynchronous transmission should be studied, in order to decide whether the design should address asynchronous case.

2.3	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, which are constant-modulus and possess good autocorrelation properties. 
Channel estimation for colliding UEs can be done using DMRS sequences with different cyclic shifts

2.4	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 [2], it was discussed that a proper model for power control should consider for example a uniformly distributed error between [-5 +5]. In Figure 1, 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. 
A NoMA scheme should be able to tolerate a power control error imbalance uniformly distributed in the interval [-5,5]dB

[image: ]
Figure 1: 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 [-5,5]dB
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3	Conclusion
In section 2, the following observations and proposals were made: 
1. Channel estimation for colliding UEs can be done using DMRS sequences with different cyclic shifts
1. A NoMA scheme should be able to tolerate a power control error imbalance uniformly distributed in the interval [-5, 5]dB
1. The resource allocation in NoMA SI should consider the existing schemes in NR, i.e. scheduling by dynamic grant, and scheduling by configured grant type 1 and type 2 
1. NoMA SI should primarily consider synchronous transmission within the CP. In a next step the implications of the asynchronous transmission should be studied, in order to decide whether the design should address asynchronous case.
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