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1	Introduction
According to the NoMA SID (RP-181403) [1], 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 aspects of resource allocation, synchronous vs. asynchronous operation, and power control for NoMA.  
[bookmark: _Ref178064866]2	Discussion
2.1	Resource Allocation for NoMA
According to below agreements in RAN1 #93[2], configured grant is agreed to be the starting point for NoMA study. 
Agreements:
· 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 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; see more details in our contribution [3] on TX schemes.
[bookmark: _Ref520729041][bookmark: _Toc521682874]The number of active UEs co-scheduled on the same T/F resource should be considered for configured grant transmissions.
For configured grant transmissions of a number of UEs co-scheduled on the same T/F resource, the signature allocation for different transmissions can be static for each UE or dynamically among a group of UEs.
Due to colliding resources, sometimes transmissions from NoMA UEs are not decodable. Similar to OMA schemes, in NoMA to overcome the problem of failed transmissions, the same data can be retransmitted (possibly with different redundancy versions).
The problem is if transmissions from colliding UEs are not decodable because of the two signatures are too close to each other, then retransmission of data from them on the same resources will likely result in a failure again.
Signature allocation rules are needed to mitigate the interference between different UEs for non-orthogonal multiple access.

[bookmark: _Ref520729187][bookmark: _Toc521682876]Signature allocation rules should be considered for NoMA transmissions or re-transmissions. 
2.2	Synchronous vs. Asynchronous Operation in NoMA
The study item in NoMA describes that the design should target both synchronous and asynchronous cases. Below agreements [2] were made in RAN1 #93 meeting regarding the synchronous and asynchronization UL data transmission.
Agreements:
· Synchronous UL data transmission should be the starting point.  
· Also considers the asynchronous transmission.
· Timing offset is within [0, y] as starting point, where y has two values at least for the purpose of evaluation:
· Case 1: CP/[2] < y <= CP+rms_DS, with detailed value FFS
· Case 2: 2*CP>=y > CP, with detailed value FFS
· Additional value(s) for y are not precluded
· Possible down-selection can still be discussed 
· FFS the channel structure and procedures for asynchronous.
Synchronous UL data transmission should be the starting point. A uniform distribution between [0, CP/3] of the timing error which was used in RAN4 evaluation can be assumed for NoMA evaluation in synchronous operation [4].
However, the definition of the term asynchronous should be further studied. As is known, 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. In cases where the UE transmits frequently, the gNB will be able to maintain accurate timing advance. Since NOMA primarily targets capacity enhancements, it may be expected that the UE will transmit frequently. In such cases, asynchronous operation is unlikely. Even 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 have to be used. 
Following the NR design, NoMA transmissions should also be based on synchronous operation. Furthermore, as a starting point, NoMA should be based on UL data transmission and detection procedures of Rel-15 configured grant according to the agreements in RAN1 #93 shown in section 2.1, which means UEs in the NoMA operation should be always in RRC active state and the initial timing advance has already been compensated.
[bookmark: _Ref520743350][bookmark: _Ref520729226][bookmark: _Toc521682877]The NoMA study item should primarily consider synchronous transmission within the CP.
[bookmark: _Toc521682878]A uniform distribution between [0, CP/2] can be a value of Case 1 timing error used for comparison in link level simulations. 
[bookmark: _Ref520743363][bookmark: _Toc521682879]Asynchronous transmission within the CP can be further studied, in order to decide how the design should address asynchronous operation. 
[bookmark: _Ref520743399][bookmark: _Toc521682880]Asynchronous transmissions beyond CP should not be considered unless there’s an NR baseline to address the data transmissions in RRC inactive/RRC idle mode.
2.3	Power Control
Power imbalance among users is a key issue in multi-user detection. Each user arrives with a different signal strength owing to the near-far effect and other effective channel conditions. It is important to analyse the received power variation in the system since a power imbalance within the system can be exploited to possibly aid the design of an improved NOMA SIC receiver. An asymmetry in the received power levels can benefit some of the users which have a relatively stronger desired signal component in the received composite signal. A controlled interference cancellation mechanism may provide better throughputs. In most designs it is assumed that the received power at the receiver from different users 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 RAN1 #92bis meeting [5], a power control error uniformly distributed within [-3, 3]dB is assumed for the evaluation of NoMA schemes, which is supposed to be further studied. 
Agreements:
Further clarify the LLS parameters:
·      For ideal channel estimation, DMRS overhead is 1/7 for #OS 7 and 14, and 1/4 for #OS 4.
·   	For a=[3], companies are encouraged to check RAN4 power control requirements and aim to conclude in RAN1#93.
·     	FFS timing offset for grant-free without perfect TA.
·      FFS frequency offset.

In [4], it was discussed that a model for power control should consider for example a uniformly distributed error within [-5, 5]dB. 
Figure.1 shows the average BLER per user vs the SNR [dB] up to 300% overloading with 2Rx. Two cases, with and without SNR offset for each user with TBS 20bytes in considered. Impact of power variation (or imperfect power control) up to 300% overloading (K=12 with N=4) in shown. The term SNR-offset used in this section implies a deviation in the received SNR value (for every user) from its actual value. Figure.2 shows the corresponding Sum-Throughput [Mbps] plot. The SNR offset among users is modelled as uniformly distributed values in [-5,5]dB. As expected, for the same required BLER (not the target BLER in specific), the curves with the offset will need a higher SNR when compared to the curves with no SNR offset, i.e., a degradation in the performance. It can be observed that for the assumed set of parameters, there is no BLER saturation up to overloading 200% (K=8) even with an offset. However, with increasing number of users and increasing SNR for each user, the BLER plots saturate. This is due to the interference limited nature, where the multi-user interference is dominant. At 250% overloading, the curves with an offset do not reach the target BLER of 10% while its counterpart with no offset, despite saturation, meets this criterion. Similarly, in the sum-throughput curves in Figure 2, beyond the 200% overloading, there is a drop in throughput values for the curves with the offset. This drop further increases with overloading. The same argument as provided for the corresponding BLER plots is the reason for this. At lower SNR, the performance is possibly affected due to the inability to resolve the overlapping UEs and the interference limited nature of the setup.
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Figure 1. Average BLER per user vs SNR [dB]. 		  Figure 2. Average Sum Throughput vs SNR [dB]. 

[bookmark: _Ref520729114][bookmark: _Toc521682875] Relative SNR variation, including power control error, can degrade NOMA performance and needs to be considered for understanding a practical implementation. 
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3	Conclusion
This contribution has considered aspects of resource allocation, synchronous vs. asynchronous operation, and power control for NoMA.  We made the following observations:
Observation 1	The number of active UEs co-scheduled on the same T/F resource should be considered for configured grant transmissions.
Observation 2	Relative SNR variation, including power control error, can degrade NOMA performance and needs to be considered for understanding a practical implementation.

Given the observations, we propose:
Proposal 1	Signature allocation rules should be considered for NoMA transmissions or re-transmissions.
Proposal 2	The NoMA study item should primarily consider synchronous transmission within the CP.
Proposal 3	A uniform distribution between [0, CP/2] can be a value of Case 1 timing error used for comparison in link level simulations.
Proposal 4	Asynchronous transmission within the CP can be further studied, in order to decide how the design should address asynchronous operation.
Proposal 5	Asynchronous transmissions beyond CP should not be considered unless there’s an NR baseline to address the data transmissions in RRC inactive/RRC idle mode.
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