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1. Introduction
In RAN1#86, it was agreed that NR should target to support non-orthogonal multiple access (NOMA) in UL, at least for mMTC [1]. In the same meeting, 15 different NOMA schemes have been reported, and were eventually captured in TR38.802 [2]. Some evaluation assumptions for link level simulation (LLS) are also given in [2], together with evaluation results corresponding to some of the proposed UL NOMA schemes. 
From Table 9.1.2-4 in [2], it is apparent that the reported gain of NOMA (over OMA) various dramatically between different NOMA schemes. In fact, even for a specific NOMA scheme, the performance gain over OMA various when different RX algorithms are used. This suggests that in order to achieve meaningful comparison between various NOMA schemes, on top of the already agreed evaluation assumptions, we need to consider at least the following:
· Evaluate NOMA schemes based on a common RX architecture.
· Establish a common performance bench mark that could be used to calibrate and verify the performance of individual NOMA schemes.
Regarding the second point above, it is well known that the UL channel is an example of Multiple Access Channel (MAC). The channel capacity of the MAC channel can be achieved using Gaussian Superposition Codes (a NOMA scheme) with MMSE Successive Interference Cancellation (MMSE-SIC) receiver. It is therefore a natural choice to use this setting to establish the desired performance benchmark. The resulting benchmark could provide the following information in NOMA scheme evaluation:
· Characterizes the expected performance gain of NOMA over orthogonal multiple access (OMA). 
· Provides a performance upper bound for various NOMA schemes.
In this contribution, we will establish the aforementioned benchmark based on the evaluation assumptions given in [2].
2. Performance Benchmarks for OMA and NOMA Systems
In this section, we derive the performance benchmark of OMA and NOMA systems using the well-established capacity analysis for MAC channel. Some relevant parameters corresponding to the OMA & NOMA systems under consideration are listed in Table 1 below.
[bookmark: _Ref498629944]Table 1: Relevant parameters for OMA & NOMA performance benchmark analysis
	Parameters
	Values

	Waveform 
	CP-OFDM

	Numerology 
	Sub-carrier Spacing = 15 kHz, Number of Symbols = 14

	Total allocated bandwidth (W)
	[4, 6] (RB)

	Target per UE spectral efficiency (R)
	[0.1-0.5] (bit/s/Hz per UE). Equal spectral efficiency for all UEs.

	Target BLER for one transmission
	10%

	Number of UEs multiplexed in the same allocated bandwidth (K)
	NOMA: [4, 6] UEs, each occupies the full allocated bandwidth.
OMA: [4, 6] UEs, each occupies W/K=1 (RB).

	BS antenna configuration
	2 Rx

	UE antenna configuration
	1 Tx

	Propagation Channel
	Flat Rayleigh Fading Channel

	Average SNR distribution
	Equal average SNR



2.1. OMA Performance Benchmark
The OMA channel model over flat Rayleigh fading channel for each UE  is given by:
                                                               (1)
Here,  is a  vector denoting the received signal at the 2 Rx antennas,  is a  vector denoting the  channel, and  is a  vector corresponding to the AWGN noise at the 2 Rx antennas. For flat Rayleigh fading channel, each component of  is a complex Gaussian random variable with zero mean and unit variance. The noise vector  has zero mean and covariance matrix . Assume the signal power of each UE is given by . Since each UE has a bandwidth allocation of , and there is no overlapping between allocations for different UEs, the average SNR (per RE per Rx antenna as defined in [2]) at the receiver is given by
                                                                               (2)
The maximum spectral efficiency  that could be supported by the OMA system for user  with instantaneous channel  is then given by
                                                                  (3)
Assume UE  is transmitting at a spectral efficiency of . There are two different types of outage events corresponding to an OMA system. If we consider all the users jointly, and declare outage whenever any of the users cannot communicate reliably with the BS, then the “joint outage event” is defined as:
                                                            (4)
and the corresponding joint outage probability is given by . On the other hand, if we consider each individual user, and declare outage for user  whenever user  cannot communicate reliably with the BS, then the “individual outage event” for user  is defined as:
                                                                                      (5)
The average individual outage probability is then given by
                                                                                (6)
Note that in practical multiuser scenarios, the codeword of each UE are decoded independently. Specifically, if we could decode the codeword of an UE, then it should be labeled as successfully decoded, regardless of the decoding results of the codewords of other UEs. Based on this reasoning, as compared to ,  is a more appropriate performance metric for an OMA system. Finally, it is also straightforward to show that . To obtain the desired performance benchmark for an OMA system, we plot both  and  against . The results are shown in Figure 1.
2.2. NOMA Performance Benchmark
The NOMA channel model over flat Rayleigh fading channel is given by:
                                                                                  (7)
Here,  is a  vector denoting the received signal at the 2 Rx antennas,  is a  vector denoting the  channel for UE , and  is a  vector corresponding to the AWGN noise at the 2 Rx antennas. Like in OMA, for flat Rayleigh fading channel, each component of  is a complex Gaussian random variable with zero mean and unit variance. The noise vector  has zero mean and covariance matrix . Assume the signal power of each UE is given by . Since each UE has a bandwidth allocation of , and all  UEs shares the same allocated bandwidth, the average SNR (per RE per Rx antenna as defined in [2]) at the receiver is given by
                                                                               (8)
Assume UE  is transmitting at a spectral efficiency of . By the well-known capacity region of the MAC SIMO channel [3], the joint outage event for a NOMA system is given by: 
                                                            (9)
where  is defined as:
                               (10)
and  denotes the  identity matrix. As in an OMA system, the corresponding joint outage probability for a NOMA system is given by .
Similar to the OMA case, in a practical NOMA system, it makes more sense to consider the average individual outage probability instead of joint outage probability. However, the individual outage probability of the NOMA system has not been discussed in the literature to the author’s knowledge. One of the major contributions here is by assuming joint typical decoding [4] at the receiver, and using an improved bound on its corresponding probability of decoding error, we are able to construct an upper bound on the individual outage probability (see Appendix for more details). Specifically, if we define the “individual outage event” for user  as:
                                                     (11)
where  is given by:
        (12)
Then the average individual outage probability for a NOMA system is upper bounded by:
                                                                                (13)
[bookmark: _GoBack]In fact, due to the asymptotic optimality of joint typical decoding, we conjecture that the upper bound described in equation (13) is asymptotically tight. As in the case of OMA, it is straightforward to show that  for a NOMA system. By plotting both  and the upper bound of  against ,  we observe the desired performance benchmark of the NOMA system.
Figure 1 shows the performance benchmark for both NOMA & OMA systems with different target spectral efficiency and various number of UEs. From the figure, we can see that  for both OMA and NOMA, as readily pointed out earlier. Furthermore, we observe that both performance metrics (i.e.,  and ) demonstrate roughly the same performance difference (in terms of dB) between NOMA and OMA. The performance gain of NOMA over OMA increases as the target spectral efficiency increases. Similarly, increasing the number of UEs also enhance the performance gain of NOMA over OMA. For example, for NOMA & OMA system with 6 UEs, each operating at a target spectral efficiency of 0.5 bit/s/Hz, NOMA enjoys a performance gain of roughly 4.5dB over OMA at target BLER of 10%. However, when the target spectral efficiency is low (e.g., 0.1 bit/s/Hz), the performance advantage of NOMA over OMA vanishes.
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[bookmark: _Ref498695014]Figure 1: Performance Benchmark for NOMA & OMA Systems

Observation 1: MAC channel capacity analysis enables us to establish performance benchmarks for OMA & NOMA systems, which could be used as a reference for NOMA scheme evaluations.
Observation 2: The performance advantage of NOMA over OMA increases as the target spectral efficiency and number of UEs increase. When operating at low spectral efficiency, the performance advantage of NOMA over OMA vanishes.
Proposal 1: The performance benchmark established via MAC channel capacity analysis should be used as a reference for NOMA scheme evaluations.
3. Conclusion
In this contribution, we establish the performance benchmark of both OMA and NOMA systems with the evaluation assumptions given in [2]. Based on our study, we have the following observations and proposals:
Observation 1: MAC channel capacity analysis enables us to establish performance benchmarks for OMA & NOMA systems, which could be used as a reference for NOMA scheme evaluations.
Observation 2: The performance advantage of NOMA over OMA increases as the target spectral efficiency and number of UEs increase. When operating at low spectral efficiency, the performance advantage of NOMA over OMA vanishes.
Proposal 1: The performance benchmark established via MAC channel capacity analysis should be used as a reference for NOMA scheme evaluations.
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5. Appendix
In this section, we briefly outline the proof for the upper bound of average individual outage probability for a NOMA system. For the sake of brevity, we will assume 2 UEs and a BS with a single RX antenna. Furthermore, since we are closely following the MAC channel capacity derivation given in section 14.3.1 of [4], we will directly use its terminology without giving explicit definitions in this contribution.
We assume the same codebook generation and encoding method as described in section 14.3.1 of [4]. At the decoder side, let  denote the set of typical  sequences. For received signal , the decoder choose the pairs  such that
                                                                         (14)
For decoding the codeword  of user 1, if  is unique among all the chosen pairs of , declare  as the codeword index, otherwise, declare decoding error. By symmetry of random code construction, we can assume that  was sent. Define the events

Then the error events for decoding the codeword of user 1 is the union of the following composite events:
                                                                                     (15)
                                                                                         (16)
                                                                                     (17)
Using union bound, we have
                                                  (18)
From AEP, . Following equation (14.64) to (14.69) in [4], and using the union bound, we have
                                                                     (19)
For , we could use a similar argument to get
                                                                (20)
However, we could also derive another upper bound on  given by
      (21)
Hence, combining equation (20) and (21), an improved upper bound on  can be obtained:
                                                     (22)
Using equation (18), (19), and (22), we have
                                  (23)
Since  is arbitrary,  tends to zero as  if all of the following conditions are satisfied:
                                                                                 (24)
                                                           (25)
Equivalently, the individual outage event  is given by
                                    (26)
And the average individual outage probability of the two users is upper bounded by
                                                                       (27)
This completes the derivation of the upper bound of  under MAC channel with two users. Generalization to  users is straightforward, and for a Gaussian MAC channel with two RX antennas, the result is given in equation (11) through (13).
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