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Introduction
In RAN1 #86 Meeting [1], several agreements on different aspects of MA operation in NR were reached with emphasis on support of UL NOMA for mMTC.
· NR should target to support UL non-orthogonal multiple access, in addition to the orthogonal approach, targeting at least for mMTC
· NR should target to support UL “autonomous/grant-free/contention based” at least for mMTC

Moreover, it was agreed that the operation and principle of NOMA access may be based on various signature mechanisms; 
· A MA resource is comprised of a MA physical resource and a MA signature, where a MA signature includes at least one of the following:
· Codebook/Codeword
· Sequence
· Interleaver and/or mapping pattern
· Demodulation reference signal
· Preamble
· Spatial-dimension
· Power-dimension
· Others are not precluded

Given the variety of the proposed schemes, it was also agreed that the proposed MA schemes to be further studied along with real life conditions, including channel estimation errors.
· For NR non-orthogonal multiple access evaluation, realistic channel estimation is prioritized and the following aspects are considered 
· The proposed DMRS pattern(s), if any, for channel estimation
· FFS: DMRS overhead. E.g., LTE UL DMRS overhead can be used as a reference.
· FFS: DMRS contamination due to inter-cell interference
· FFS: Impact of DMRS collision in case of “autonomous/grant-free/contention based”  multiple access

In light of the above agreements, in this contribution, we provide our investigation results on the performance of interleaved-based schemes, i.e., IDMA and RSMA, in real scenarios with particular emaphais on mMTC operation. As also mentioned in the agreements, there are two important requirements for mMTC operation; 
· Robustness of the scheme to channel estimation errors to support high MCL 
· Capability in operating in asynchronous environment to support autonomous/grant-free/contention based operation
Interleaved-based Multiple Access Schemes 
In our companion contribution [2], we have provided a relatively detailed description of IDMA and RSMA multiple access techniques. Although both schemes may share a similar transmitter design, however the receiver processing are quite different leading to different performance. 
In brief, the main differences can be summarized as follows;
· An IDMA receiver is based on a joint processing mechanism that does not support detection of an arbitrary user. On the contrary, an RSMA receiver is indeed capable of selectively processing and detection of a desired user. While an RSMA-SIC is not as complex as an IDMA receiver, it relies on joint detection of all or a subset of users.
· IDMA receiver processing relies on completion of many iterations (N) of updates that cycles between ESE and the decoder function, hence its detection complexity and delay are directly impacted by the number of iterations. For example, in a K-user system with LDPC coding, an IDMA detection involves N LDPC decoding per user, while an RSMA receiver requires only one per user.
Our preliminary simulation results [2] that was based on operation in a synchronous AWGN environment indicate a superior performance of IDMA in an interefernce environment with an increasing load factor. RSMA exhibited some sensitivity to increasing interference, however it was demonstrated that some of the performance loss may be re-gained by employing a SIC receiver. In the next section, we extend our analysis to non-ideal channel estimation and asynchronous operation.

Performance Evaluation
Simulation Assumptions
Table 1 summarizes basic simulation parameters and assumptions. The basic structure of the transmitter is based on a low-rate encoder that is implemented by cascading an LDPC code of rate  and a repetition mechanism with a rate of  that yields an effective spreading rate of . At the receiver, both IDMA and RSMA(-SIC) receive processing are used.  
[bookmark: _Ref457489547]Table 1 Simulation Parameters
	Number of UL UEs
	1, 8

	eNB-UE Configuration 
	1TX-1RX

	Modulation
	BPSK

	Channel Model 
(Rayleigh fading)

	Fast: one fading event per symbol
Moderate: 60 independent fading events per transmission block
Slow: 10 independent fading events per transmission block

	Payload Size
	170 bits

	Coding
	LDPC (1/6)

	Repetition Rate (R)
	6

	Per UE SE
	0.0278 bits/s/Hz

	IDMA iteration
	5

	Randomization
	Random Interleaving

	Power control
	Perfect



Overall Performance in Fading Channel
Figures 1-(a) and -(b) show the performance of IDMA and RSMA access techniques in various fading conditions. To gain a better understanding on the performance of the schemes, we assume three fading conditions, namely; slow, moderate and fast scenarios. In the slow fading case, the transmitted block experiences ~10 independent Rayleigh fading events, while in the fast fading each symbol undergoes an independent fading event. For the case of moderate fading, we assume ~60 fading events within the duration of the transmitted block. For the analysis in this section, we have assumed perfect channel estimation and synchronous transmission by UEs. To prvent excessive cluttering of the plots, only the performace of a case with 8 interfering users are compared against a single user case. Further details of simulation set up can be found in Table 1.
As demonstrated in Figures 1-(a) and –(b), following remarks can be made;
· In both cases of IDMA and RSMA, best performance can be achieved by fast fading that offers a high degree of diversity, leading to maximizing coding gain. Hence, it is important to devise frequency/time resource mapping in such a way to approach highest rate of fading.
· Similar to the presented AWGN results [2], given a fading scenario, 
· IDMA performance is not impacted by increasing the number of UEs.
· RSMA performance is deteriorated by addition of new UEs, however and RSMA-SIC can reduce the incurred performance loss.

Proposal 1: For NR non-orthogonal multiple access evaluation, techniques of frequency/time resource mapping for maximizing diversity to be studied.

[image: ][image: ]
(a)
[image: ][image: ]
(b)
[bookmark: _Ref457764781]Figure 1 Performance of IDMA, RSMA and RSMA-SIC in fading environment

Channel Estimation Consideration
Figures 2-(a) and -(b) show the performance of IDMA and RSMA access techniques with various degrees of channel estimation errors under moderate fading condition. Channel estimation error is an important aspect of MA operation, as an accurate estimation may not be possible in a system with a high target MCL. In lack of an agreed reference signal design for MA operation in NR, it may not be straightforward to consider a practical channel estimator for evaluation of the proposed MA schemes. Moreover, channel estimation performance is very much implementation dependent. Hence in this section, we evaluate the performance of the considered schemes with different level of introduced channel estimation errors. From the presented results, following observations can be made,
Observation 1 – In both studied interleaved-based MA techniques, a channel estimation error of around 10%, results in a performance loss of ~ 1dB.
Observation 2 – Both IDMA and RSMA schemes exhibit similar sensitivity to channel estimation errors.

Proposal 2: Due to the strong dependence of channel estimation errors to the operating SNR, RAN1 should specify the required MCL for NR non-orthogonal multiple access evaluations.
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Figure 2 Performance of IDMA, RSMA and RSMA-SIC with channel estimation error

Asynchronous Operation  
Grant-free access is among features considered for multiple access operation in NR. As visualized in Figure 3, it is expected that UEs would initiate their UL transmission without any eNB involvement and coordination. Unlike many other MA schemes such as SCMA that solely relies on joint detection and require synchronous transmission by UEs, interleaved-based MA schemes can operate effectively in both synchronous and asynchronous environment.
 UE1 RX FFT Window

 Figure 3 Asynchronous UE activities in an UL MA system
In an asynchronous MA system, the performance gap between IDMA and RSMA schemes shrinks as the IDMA receiver would not have the possibility of performing interuser updates of the ESE block [2] to perform joint detection. However, similar to an RSMA receiver, an IDMA receiver can still continue to demodulate and decode on a single user basis. On another note, RSMA-SIC may not be implemented in asynchronous environment
Observation 3 – In an asynchronous operation, similar to the RSMA, an IDMA receiver could continue to operate on a single user basis.
As depicted in Figure 3, in an asynchronous MA system with CP-OFDM waveform, timing placement of the receive FFT window for the first user may not meet the timing requirement of other active users in the system. Therefore, while the FFT operation of the first user demodulates its signal properly, it fails to correctly process the other users. However interestingly, the UE1 FFT operation effectively spreads and randomizes the interference caused by other asynchronous users leading to potential better detection performance for the first UE. 
Figure 4 shows the BER performance of an RSMA-based MA system with 8 active user in synchronous and asynchronous environments in an AWGN channel. As demonstrated, the performance of an asynchronous RSMA MA system is very similar to the performance of a synchronous system using RSMA-SIC receiver.
[image: ]
Figure 4 Performance of RSMA in synchronous and asynchronous MA system
Observation 4 - Interleaved-based MA schemes can transparently operate in both asynchronous and synchronous environment.
Proposal 3: RAN1 considers asynchronous operation as an important aspect for supporting autonomous/grant-free/contention based.

Summary
This contribution discusses some of the practical aspects of MA operation, such as; operation in fading channels, sensitivity to channel estimation errors and operation in asynchronous environment. Among the particular aspects considered in the contribution, impacts of high MCL on channel estimation, and also necessity of asynchronous detection required grant-free operation were of particular interest. Based on our presented discussion and results, following observation and proposals are made.
Observation 1 – In both studied interleaved-based MA techniques, a channel estimation error of around 10%, results in a performance loss of ~ 1dB.
Observation 2 – Both IDMA and RSMA schemes exhibit similar sensitivity to channel estimation errors.
Observation 3 – In an asynchronous operation, similar to the RSMA, and IDMA receiver could continue to operate on a single user basis.
Observation 4 – Interleaved-based MA schemes can transparently operate in both asynchronous and synchronous environment.

Proposal 1: For NR non-orthogonal multiple access evaluation, techniques of frequency/time resource mapping for maximizing diversity to be studied.
Proposal 2: Due to the strong dependence of channel estimation errors to the operating SNR, RAN1 should specify the required MCL for NR non-orthogonal multiple access evaluations.
Proposal 3: RAN1 considers asynchronous operation as an important aspect for supporting autonomous/grant-free/contention based.
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