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1
Introduction
In RAN1#85 meeting, the following agreements regarding evaluation method for multiple access have been made
· For autonomous/grant-free/contention based UL non-orthogonal multiple access, the following should be studied [1]
· Collision of  time/frequency resources from different UEs, solutions potentially including 

· E.g., code, sequence, interleaver pattern

· UL synchronization (DL synchronization assumed)

· Case 1: Timing offsets between UEs are within a cyclic prefix

· Case 2: Timing offsets between UEs can be greater than a cyclic prefix, FFS the exact model of timing offsets 

· Requirement for power control

· Case 1: Perfect open-loop power control, i.e., equal average SNR between UEs for potentially link level calibration

· Case 2: Realistic open-loop power control with certain alpha and P0 values

· Case 3: Close-loop power control

· Receiver impact
· LLS evaluation with ideal and realistic channel estimation [2]
Repetition division multiple access (RDMA) and group orthogonal coded access (GOCA) were proposed in [3]. In this contribution, we compare RDMA, GOCA, resource spreading multiple access (RSMA) and interleave division multiple access (IDMA) based on evaluation assumptions made in RAN1#84bis [4] and RAN1#85 meetings.
2
Link level simulation setup
2.1
Simulation setting
Table 1 lists the evaluation parameters used for comparison between RDMA, GOCA, RSMA and IDMA. 
Table 1. Evaluation parameters of LLS for uplink

	Parameters 
	Values or assumptions 

	Carrier frequency 
	2 GHz 

	Waveform 
	OFDM

	Channel coding
	LTE Turbo

	Numerology 
	Same as Release 13 

	System bandwidth 
	10 MHz 

	Resource allocation
	12 RBs

	Target spectral efficiency 
	TBS: 432 bits

Number of UEs multiplexed: 6, 10, 12

Per UE spectral efficiency: 0.25 bits/RE

	BS antenna configuration 
	2 Rx 

	UE antenna configuration 
	1 Tx 

	Transmission mode 
	TM1 (refer to TS36.213) 

	SNR distribution of multiple UEs 
	Equal average SNR (short-term variation remains)

Unequal average SNR (uniformly distributed within a range of 3dB) 

	Propagation channel & UE velocity 
	TDL-A (DS=44ns) and TDL-C (DS=455ns)
3km/h

	Timing offset
	No timing offset between UEs

Timing offsets between UEs are within a cyclic prefix
Timing offsets between UEs are can be greater than a cyclic prefix

	Max number of HARQ transmission 
	1

	Overhead 
	2 LTE-PUCCH DMRS symbols [4], no SRS, i.e., 144 available RE per RB for data transmission

	Given BLER level
	0.1 for 1 transmission

	Channel estimation
	Ideal
Realistic


2.2
Transceiver Block Diagram
To fairly compare RDMA, GOCA, RSMA and IDMA, the same successive interference cancellation (SIC) receiver is used to decode these non-orthogonal multiple access schemes.
· RDMA

RDMA can separate different users’ signals and utilize both time and frequency diversity just by simple cyclic-shift repetition. Figure 1 illustrates the RDMA transceiver block diagram for simulation setup.
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Figure 1. RDMA transceiver block diagram

· GOCA

GOCA differentiates different users’ waveform by different group-orthogonal sequences (GOS) comprised of orthogonal sequences and non-orthogonal sequences. For orthogonal sequences, we reuse orthogonal sequences for LTE PUCCH formats 1, 1a and 1b with normal cyclic prefix [5]. For non-orthogonal sequences, WCDMA uplink long scrambling sequences [6] are reused. Furthermore, we use localized frequecy repetition as resource allocation method. Figure 2 shows the transceiver block diagram for GOCA.
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Figure 2. GOCA transceiver block diagram
· RSMA

Figure 3 illustrates transceiver block diagram for RSMA [7]. Different users’ signals are separated by different scrambling sequences in RSMA. In the simulation, localized frequency repetition is used for resource allocation, and WCDMA uplink long scrambling sequences are used for scrambling sequences.
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Figure 3. RSMA transceiver block diagram
· IDMA
In IDMA [8], multiple users’ signals are differentiated by different random interleave patterns. Figure 4 shows IDMA transceiver block diagram for simulation setup.
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 Figure 4. IDMA transceiver block diagram
3
Simulation Results
In this section, we provide simulation results on BLER performance of RDMA, GOCA, RSMA and IDMA. We set total transmit bandwidth 12RB, TB size 432 bits, code rate 3/8, QPSK modulation and repetition  3 times for comparison of these four schemes.
3.1
Perfect Power Control, No Timing Offset and Ideal Channel Estimation
Figure 5 shows the BLER performance comparison of RSMA, IDMA, RDMA and GOCA with perfect power control, no timing offset and ideal channel estimation under TDL-C channel. RDMA and GOCA can have significant performance gain over RSMA especially in high over loading scenarios. The gains can be up 2.7dB and 3.2dB for RDMA and GOCA, respectively. In Table 2, sum SNR for BLER of 0.1 and gain over RSMA under TDL-A and TDL-C are summarized. In the 6UE case, performance is noise dominant, and TDL-C has better performance than TDL-A because TDL-C has more frequency diversity. For 10UE and 12UE cases, performance is dominated by multi-user interference (MUI) rather than noise. Thus, TDL-A, which results in more power difference among users to facilitate SIC, can have better performance than TDL-C. Furthermore, RDMA can outperform IDMA in TDL-C, but the performance gap becomes marginal in TDL-A. This suggests that RDMA can utilize frequency diversity better than IDMA.
[image: image5.png]BLER

10°

10

107

12RB, CR=3/8, GPSK, Rep=

TDL-C (@55ns, 3knvh)

—e— RsMA
—— DM

12°UEs —&— RDMA

—*—GocA

\
4} A Sl
~ IASNTEET
~ AY 10 UE;
6 UEs )\ ] s
AN
NS

5 10 %

Sum SR (dB)





Figure 5. BLER of RSMA, IDMA, RDMA and GOCA, TDL-C (455ns, 3km/h), perfect power control, no timing offset and ideal channel estimation
Table 2. Sum SNR for BLER of 0.1 and gain over RSMA, perfect power control, no timing offset and ideal channel estimation
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TDL-A, 44ns TDL-C, 455ns
RSMA | IDMA | RDMA | GOCA | RSMA | IDMA | RDMA | GOCA
6UE | 56/00 | 54/0.2]54/0253/03 [ 4.0/0.035/05|3.3/0.7 | 3.6/0.4
10UE | 9.9/0.0 [ 9.6/0.3 | 9.6/03 | 8.9/1.0 [11.2/0.0| 8.7/2.5 | 85/2.7 | 8.0/3.2
12U [15.0/0.0[14.5/0.5[14.3/0.7]12.0/3.0] NA/NA |22.0/NA|18.0/NA[12.9/NA

*The first value is sum SNR at BLER of 0.1, and the second value is performance gain over RSMA.
* NA means NoMA can not reach BLER of 0.1 under specified SNR values





Observation 1: RDMA can provide significant gain over RSMA, and the gain can be up to 2.7dB.

Observation 2: GOCA can have significant gain over RSMA especially in high overloading, and the gain can be up to 3.2dB.

Observation 3: RDMA outperforms IDMA because it can utilize frequency diversity better.
3.2
Effects of Imperfect Power Control
Figure 6 shows the BLER performance comparison of RSMA, IDMA, RDMA and GOCA with imperfect power control under TDL-C channel. In the simulation, we assume that relative received power among UEs are linearly equally spaced values from [-3, +3] dB in logarithmic domain. In Table 3, sum SNR for BLER of 0.1 and gain to perfect power control are summarized. For all four schemes, unequal power distribution results in performance degradation for 6UE case while it improves performance for 12UE case. In the 12UE case, performance is dominated by MUI rather than noise. Unequal power distribution helps to provide more power difference among users and hence it leads to some performance enhancement. On the other hand, in the 6UE case, performance is dominated by noise rather than MUI. The UE with least power has worse SNR and hence significantly degrades the overall BLER. 
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Figure 6. BLER of RSMA, IDMA, RDMA and GOCA, TDL-C (455ns, 3km/h), imperfect power control, no timing offset and ideal channel estimation
Table 3. Sum SNR for BLER of 0.1 and gain to perfect power control, imperfect power control, no timing offset and ideal channel estimation
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TDL-C, 455ns
RSMA IDMA RDMA GOCA
6 UE 53/-13 47/12 46/-13 48/-12
10UE 9.8/14 87/0.0 85/0.0 86/06
12UE 18.8/NA 12.5/9.5 12.5/5.5 11.8/1.1

*The first value is sum SNR at BLER of 0.1, and the second value is performance
gain to perfect power control
* NA means NoMA can not reach BLER of 0.1 under specified SNR values





Observation 4: In high overloading and frequency selective channel, all of RSMA, IDMA, RDMA and GOCA can have performance enhancement from imperfect power control.
3.3
Effects of Timing Offset

In contention-based uplink transmission for mMTC, timing offset between UEs may be greater than a cyclic prefix because no physical random access channel (PRACH) signal is transmitted to adjust timing advance (TA) before data transmission. To evaluate the impact of timing errors between UEs, the timing offset is randomly drawn from the uniform distribution on the interval [0, maximum timing offset] for each UE.
Table 4 shows the summary of sum SNR for BLER of 0.1 and loss compared to no timing offset. As expected, performance is not degraded when maximum timing offset is one CP. With maximum timing offset of 1.5 CP, performance degrades about 0.3dB. Timing offset does not make difference between all four schemes.
Table 4. Sum SNR for BLER of 0.1 and loss compared to no timing offset
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Max. Timing Offset RSMA IDMA RDMA GOCA
1cP 4.1/0.1 3.5/0.0 3.4/0.1 3.6/0.0
15CP 43/03 3.8/03 3.6/03 3.8/0.2

*The first value is sum SNR at BLER of 0.1, and the second value is performande loss compared to no timing offset





Observation 5: Timing offset between users within 1.5 cyclic prefix results in very similar performance impact on RSMA, IDMA, RDMA and GOCA.

3.4
Effects of Realistic Channel Estimation
Figure 7 shows the BLER performance comparison of RSMA, IDMA, RDMA and GOCA with realistic channel estimation under TDL-C channel. IFFT-based channel estimation is used in simulation. In Table 5, sum SNR for BLER of 0.1 and loss compared to ideal channel estimation under TDL-A and TDL-C are summarized. Obviously, IFFT-based channel estimation relied on 2DRMS symbols introduces significant performance degradation, at least 3dB. Moreover, GOCA has lowest performance impact compared with RSMA, IDMA and RDMA.
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Figure 7. An example of RDMA transmitter structure with K simultaneous users

Table 5. Sum SNR for BLER of 0.1 and loss compared to ideal channel estimation
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*The first value is sum SNR at BLER of 0.1, and the second value is performance loss compared to
ideal channel estimation.
* NA means NoMA can not reach BLER of 0.1 under specified SNR values





Observation 6: Realistic channel estimation introduces significant performance degradation on RSMA, IDMA, RDMA and GOCA. GOCA’s performance gain over RSMA increases when enabling realistic channel estimation.

4
Conclusion

In this contribution, we compare RSMA, IDMA, RDMA and GOCA and evaluate performance impact of imperfect power control, timing offset and realistic channel estimation. Our observations and proposals are listed below: 
Observation 1: RDMA can provide significant gain over RSMA, and the gain can be up to 2.7dB.

Observation 2: GOCA can have significant gain over RSMA especially in high overloading, and the gain can be up to 3.2dB.
Observation 3: RDMA outperforms IDMA because it can utilize frequency diversity better.
Observation 4: In high overloading and frequency selective channel, all of RSMA, IDMA, RDMA and GOCA can have performance enhancement from imperfect power control.
Observation 5: Timing offset between users within 1.5 cyclic prefix results in very similar performance impact on RSMA, IDMA, RDMA and GOCA.
Observation 6: Realistic channel estimation introduces significant performance degradation on RSMA, IDMA, RDMA and GOCA. GOCA’s performance gain over RSMA increases when enabling realistic channel estimation.
Proposal 1: RDMA scheme, which provides good trade-off between transmitter/receiver complexity, performance and scalability, should be evaluated as a candidate multiple access for mMTC contention-based uplink transmission.
Proposal 2: GOCA scheme, which has excellent performance in high overloading, should be evaluated as a candidate multiple access for mMTC contention-based uplink transmission.
Proposal 3: The DMRS design and channel estimation for non-orthogonal multiple access should be further studied to reduce the impact on receiver performance.
5
References
[1]
3GPP R1-165595, “WF on Scenarios for Multiple Access”,
ZTE, ZTE Microelectronics, InterDigital, Qualcomm Inc., Spreadtrum
[2] 3GPP R1-165875, “Way forward on remaining issues on multiple access evaluation assumptions”,  Huawei, HiSilicon
[3]
3GPP R1-167535, “New uplink non-orthogonal multiple access schemes for NR”, MediaTek Inc. 
[4]
“RAN1 Chairman’s Notes”, Busan, Korea, April 11-15, 2016. 
[5]
3GPP TS 36.211 
[6]
3GPP TS 25.213, Spreading and modulation (FDD), v13
[7] 3GPP R1-164689, “RSMA and SCMA comparison”, Qualcomm Inc.
[8] 3GPP R1-165021, “Performance of Interleave Division Multiple Access (IDMA) in Combination with OFDM Family Waveforms”, Nokia, Alcatel-Lucent Shanghai Bell









3GPP


