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1
Introduction
In RAN1#85 and RAN1#86 meetings, 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]
· At least the following options for “autonomous/grant-free/contention based” UL transmission should be studied [3]
· Opt. 1: a UE performs random resource selection

· Details FFS

· Opt. 2: a UE’s resource is pre-configured by eNB or pre-determined

· Details FFS

· Other options are not precluded
Repetition division multiple access (RDMA) was proposed in [4]. In this contribution, we provide comprehensive link level comparison between RDMA and baseline OFDMA based on evaluation assumptions made in RAN1#84bis [5], RAN1#85 and RAN1#86 meetings.
2
Link level simulation setup
2.1
Simulation setting
Table 1 lists the evaluation parameters used for comparison between RDMA and OFDMA. In the simulation, the total allocated bandwidth is 6RBs. The number of UEs can be 6, 8 or 12. The spectrum efficiency per UE can be 0.185 bits/RE or 0.25 bits/RE and the CRC bits are included in the calculation of spectrum efficiency. The channel model can be TDL-A with RMS 30ns or TDL-C with RMS 300ns and the UE velocity is 3 km/hr. The eNB antenna configuration is 2Rx. 
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
	6 RBs

	Target spectral efficiency 
	Number of UEs multiplexed: 6, 8, 12

Per UE spectral efficiency: 0.185 bits/RE, 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 
	1. Equal average SNR (short-term variation remains)

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

	Propagation channel & UE velocity 
	TDL-A (DS=30ns) and TDL-C (DS=300ns)
3km/h

	Timing offset
	No timing offset between UEs

	Max number of HARQ transmission 
	1

	Overhead 
	2 LTE-PUCCH DMRS symbols [6], no SRS, i.e., 144 available RE per RB for data transmission

	Given BLER level
	0.1 for 1 transmission

	Channel estimation
	1. Ideal
2. Realistic (MMSE-based)


2.2
Uplink Multiple Access Schemes
In this contribution, RDMA is compared with the baseline orthogonal scheme of OFDMA with matched-filter (MF) based receiver. 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
3
Simulation Results
3.1
Equal Average SNR, Ideal Channel Estimation and Fixed Signature Selection
Figure 2 shows the BLER performance comparison of RDMA and OFDMA with equal average SNR, ideal channel estimation and fixed signature selection under TDL-A and TDL-C channels. RDMA can have significant performance gain over OFDMA especially in higher over loading scenario. The performance gain can be up to 2.7dB. In Table 2, RDMA’s SNR gains over OFDMA are summarized.
[image: image2.png]BLER

SE per UE=0.185bits /RE, TDL-A (30ns), 3km/hr

102

=& = 8UE, OFDMA
= A = 8UE, ROMA
—&— 12UE, OFDMA
—4— 12UE, RDMA

Sum SNR (dB)

15



[image: image3.png]BLER

10°

SE per UE=0.185bits /RE, TDL-C (300ns), 3km/hr

=& = 8UE, OFDMA
= A = 8UE, ROMA
—&— 12UE, OFDMA
—4— 12UE, RDMA

Sum SNR (dB)

15
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Figure 2. BLER of RDMA and OFDMA, TDL-A (30ns) / TDL-C (300ns), equal average SNR, ideal channel estimation and fixed signature selection
Table 1. RDMA’s SNR gains over OFDMA, TDL-A (30ns) / TDL-C (300ns), equal average SNR, ideal channel estimation and fixed signature selection
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Observation 1: RDMA can provide significant gain over OFDMA, and the gain can be up to 2.7dB.
3.2
Realistic Channel Estimation

Figure 3 illustrates the BLER performance of RDMA with ideal and realistic channel estimation. In simulation, LTE PUCCH DMRS design is reused as DMRS sequence and MMSE-based channel scheme is used for channel estimation. Moreover, it is assumed that different UEs select different cyclic shift values for DMRS sequence generation, which indicates that orthogonality is maintained for DMRS between UEs. For TDL-A channel, realistic channel estimation introduces about 0.5dB performance loss compared to ideal channel estimation. For TDL-C channel, about 2dB performance degradation can be observed for realistic channel estimation compared to ideal channel estimation. 
Figure 4 shows the BLER performance comparison of RDMA and OFDMA with realistic channel estimation, equal average SNR and fixed signature selection under TDL-A and TDL-C channels. RDMA still shows performance gain over OFDMA in most of evaluated scenarios. The performance gain can be up to 1.1dB. In Table 2, RDMA’s SNR gains over OFDMA are summarized.
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Figure 3. BLER of RDMA with ideal and realistic channel estimation, equal average SNR and fixed signature selection
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Figure 4. BLER of RDMA and OFDMA, TDL-A (30ns) / TDL-C (300ns), realistic channel estimation, equal average SNR, and fixed signature selection
Table 2. RDMA’s SNR gains over OFDMA, TDL-A (30ns) / TDL-C (300ns), realistic channel estimation, equal average SNR and fixed signature selection
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Observation 2: The performance of RDMA with realistic channel estimation is acceptable and still shows performance gain over OFDMA.
Observation 3: The DRMS design and channel estimation scheme are critical for NOMA in practical scenarios. 
3.3
Unequal Average SNR
Figure 5 shows the BLER performance comparison of RDMA and OFDMA with unequal average SNR under TDL-A and TDL-C channels. 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, RDMA’s SNR gains over OFDMA are summarized. 
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Figure 5. BLER of RDMA and OFDMA, TDL-A (30ns) / TDL-C (300ns), unequal average SNR, ideal channel estimation and fixed signature selection

Table 2. RDMA’s SNR gains over OFDMA, TDL-A (30ns) / TDL-C (300ns), unequal average SNR, ideal channel estimation and fixed signature selection
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Observation 4: RDMA shows significant gain over OFDMA in unequal average SNR scenarios.
3.4
Random NOMA Signature Selection
In contention-based uplink multiple access, UE randomly select one NOMA signature from a signature pool before transmission. In contrast to fixed signature selection, the same NOMA signature may be selected by different UEs, and it will results in some performance degradation. Figure 6 illustrates the BLER performance of RDMA with fixed and random signature selection. In the simulation, the size of random signature selection pool is 24. Compared to fixed signature selection, only 0.2dB~0.9dB performance degradation is observed for random signature selection. Apparently, collided UEs are still decodable when accurate channel estimation can be acquired for each UE. Moreover, enlarging the random signature selection pool can reduce performance degradation while the complexity of blind detection of selected signature also increases at eNB. 
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Figure 6. BLER of RDMA with fixed and random NOMA signature selection, equal average SNR and ideal channel estimation
Observation 5: In case of random NOMA signature selection, collided UEs are still decodable when accurate channel estimation can be acquired for each UE.
4
Conclusion

In this contribution, we compare RDMA and OFDMA and evaluate performance impact of realistic channel estimation, unequal average SNR and random NOMA signature selection. Our observations and proposals are listed below: 

Observation 1: RDMA can provide significant gain over OFDMA under same spectral efficiency.
Observation 2: The performance of RDMA with realistic channel estimation is acceptable and still shows performance gain over OFDMA.
Observation 3: The DRMS design and channel estimation scheme are critical for NOMA in practical scenarios. 
Observation 4: RDMA shows significant gain over OFDMA in unequal average SNR scenarios.
Observation 5: In case of random NOMA signature selection, collided UEs are still decodable when accurate channel estimation can be acquired for each UE.
Proposal 1: NR should support uplink non-orthogonal multiple access.

Proposal 2: The DMRS design and channel estimation for NOMA should be further studied to minimize the impact on receiver performance.

Proposal 3: For random signature selection, the trade-off between performance and detection complexity should be further studied.
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Appendix

A.1 LLS result summary table
Attached file is RDMA’s LLS result summary based on the template agreed by email discussion [86-16]. 
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Change History

				Date		Version		Source		Comment				Sheet		Content

				9/9/16		v00		Huawei		Initial version as a template				Change History		List of content of this excel file and change history

														EVAL Assumptions(agreements)		Agreed evaluation assumptions for UL and DL LLS

														UL Specified Assumptions		Specified evaluation assumptions of each proponent applied to the proposed MA scheme in the UL

														UL EVAL Results		Preliminary evaluation results of each MA scheme in the UL, organized in Table 3 and Table 4

														UL EVAL Results-MCL		Preliminary evaluation results of each MA scheme in the UL for link budget analysis, organized in Figure 1 and Table 5
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EVAL Assumptions(agreements)

				Table 1: UL LLS evaluation parameters

				Parameters  		Values or assumptions  

				Carrier Frequency  		2 GHz  

				Waveform  		OFDM /SC-FDMA  

						Other waveform is not precluded  

				Channel coding 		LTE Turbo as start point, other coding schemes are not precluded. 

				Numerology  		Same as Release 13  

				System Bandwidth  		10 MHz  

				Total allocated bandwidth for transmission  		Companies need to report this value. 

				Overhead  		2 DMRS symbols, no SRS, i.e., 144 available RE per RB for data transmission, or equivalent overhead  

				Target spectral efficiency  		Proponents report per UE spectral efficiency and the number of UEs multiplexed if multi-UEs LLS is assumed  

				BS antenna configuration  		2/4 Rx as baseline  

						8Rx optional  

				UE antenna configuration  		1Tx  

				Transmission mode  		TM1 (refer to TS36.213)  

				SNR distribution of Multiple UEs  		Proponents report if single-user or multi-user LLS is used, and what SNR distribution is assumed.  

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

						Unequal average SNR (the SNR distribution is FFS, e.g., uniformly distributed within a range of 3dB, and proponents should report their assumption)  

				Propagation channel & UE velocity NOTE2 		TDL for in TR38.900 as mandatory  

						EPA, EVA, ETU as optional  

						3km/h, 30km/h, 120km/h  

				Max number of HARQ transmission  		1, 4  

				Given BLER level (to calculate sum throughput)  		0.1 for 1 transmission as starting point, other numbers not precluded, e.g., 

						0.01 for 1 transmission  

				Overloading factor 		Some example values: 

				(Optional, definition refers to R1-163881) 		100%, 150%, 200%, 300%  

				NOTE: Non-ideal effects (e.g., channel estimation, frequency offset) evaluation FFS.
NOTE2: Companies could choose the propagation model for bringing evaluations at RAN1#85 Nanjing meeting, 
but companies are expected to provide evaluations at least for the channels listed in the table by August 2016.


				Table 2: DL LLS evaluation parameters

				Parameters 		Values or assumptions 

				Carrier Frequency  		2 GHz  

				Waveform  		OFDM  

						Other waveform is not precluded  

				Channel coding 		LTE Turbo as starting point, other coding schemes are not precluded. 

				Numerology  		Same as Release 13  

				System Bandwidth  		10 MHz  

				Total allocated bandwidth for transmission  		Companies need to report this value.  

				Overhead  		2 PDCCH symbols, 2 CRS ports for TM2 , i.e., 132 REs per RB for data transmission, or equivalent overhead  

				Target spectral efficiency  		Proponents report per UE spectral efficiency and the number of UEs multiplexed if multi-UEs LLS is assumed  

				BS antenna configuration  		2/4 Tx as baseline  

						8Tx optional  

				UE antenna configuration  		2 Rx  

				Transmission mode  		TM2 as starting point (refer to TS36.213)  

				SNR distribution of Multiple UEs  		Fixed gap {0, 5, 10, 15, 20} dB between UEs  

				Number of UEs                     		2 UEs as start point  

				SNR of the reference UE  		0dB 

						(The SNR of the other UE would be 0, 5, 10, 15, or 20dB) 

				Power allocation between UEs  		Dynamic  

				Propagation channel & UE velocity NOTE2 		CDL in TR38.900 as mandatory  

						EPA, EVA, ETU as optional  

						3km/h, 30km/h, 120km/h  

				Max number of HARQ transmission  		1, 4  

				Given BLER level (to calculate sum rate region)  		0.1 for 1 transmission as starting point  

				NOTE: Non-ideal effects (e.g., channel estimation, frequency offset) evaluation FFS.
NOTE2: Companies could choose the propagation model for bringing evaluations at RAN1#85 Nanjing meeting,
but companies are expected to provide evaluations at least for the channels listed in the table by August 2016.


				The following are agreed through email discussion of [86-16]

				Observation 1: 

				For the UL templates, agree with using at least the currently captured assumptions/tables for summary of preliminary results, i.e. LLS in terms of sum throughput vs SNR, link budget, and SLS in terms of PDR vs PAR.

				Note: companies are encouraged to provide SLS results with at least ideal, and if at all possible, also realistic channel estimation



				Observation 2:

				The templates for DL can be used for reference. 



				Observation 3:

				For indoor UE antenna height, agree that for CALIBRATION purpose to follow TR36.873 for UE antenna height, i.e. use multi-floor; for EVALUATION purpose to following agreements, i.e. to use single floor

				–       No consensus on the additionally proposed assumptions for antenna configuration. Can be further discussed.



				Observation 4:

				The following is up to each company to report in contributions:

				–       Details of modeling of MA signature collision in L2S mapping

				–       Other metrics, e.g. RoT/IoT statistics, system PDR v.s. path loss
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UL Specified Assumptions

				Further specified parameters		Example		Source1
(RDMA)		Source 3		Source 4		Source 5		Source 6		Source 7		Source 8		Source 9		Source 10		Source 11		Source 12		Source 13		Source 14		Source 15

				Waveform		OFDM		OFDM

				Total allocated bandwidth [RB]		4, 6		6

				Single/multiple users LLS		multiple		multiple

				Target spectral efficiency  [bps/Hz per UE]		0.05~0.5		0.148, 0.2

				Number of users if multi-UEs LLS		4,6,8,12		6,8,12

				BS antenna configuration  		2, 4		2

				SNR distribution [dB]		equal, unequal		equal, unequal

				Propagation channel		TDL-A,
TDL-C,
EPA
		TDL-A,
TDL-C


				Max no. of HARQ Tx		1		1

				Metric		Sum Thrpt vs SNR, 
BLER vs SNR		BLER vs SNR

				MA signature random [fixed/random]		fixed, random		fixed, random

				Channel estimation [ideal/realistic]		ideal, realistic		ideal, realistic

				Timing offset [within CP/beyond CP]		within CP		within CP

				Receiver		MMSE,etc		MF-based SIC

				(Others if any)

























				Reference		R1-xxxx
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UL EVAL Results

				Note 1: SE per UE is defined as the ratio of total SE to the number of UEs.

				Table 3 and 4 is to show proposed MA schemes performance of link-level sum throughput over orthogonal baseline, which can also be represented by SNR gain under the same sum throughput(values in red are examples). 



				Table 3 Sum throughput  (Ideal Channel Estimation)
SNR gain in dB @ BLER=0.1

				SE per UE (bps/Hz)		Number of UEs		Baseline 		MA signature selection		Source1
(RDMA, R1-1609333)

												1T2R, TDL-A, DS=30ns		1T2R, TDL-C, DS=300ns

				0.148		8		OFDMA, QPSK, code rate: 10/27, fixed resource selection, equal SNR, timing within CP		fixed		0.8		2.1

										random		*		*

						12		OFDMA,16QAM, code rate 5/9, fixed resource selection, equal SNR, timing within CP		fixed		1.4		2.7

										random		*		*

				0.2		6		OFDMA,16QAM, code rate 3/8, fixed resource selection, equal SNR, timing within CP		fixed		0.8		2

										random		*		*

						8		OFDMA,16QAM, code rate 1/2, fixed resource selection, equal SNR, timing within CP		fixed		0.8		2.1

										random		*		*











				Table 4 Sum throughput  (Realistic Channel Estimation)
SNR gain in dB @ BLER=0.1

				SE per UE (bps/Hz)		Number of UEs		Baseline 		MA signature selection		Source 2
(RDMA, R1-1609333)

												1T2R, TDL-A, DS=30ns		1T2R, TDL-C, DS=300ns

				0.148		8		OFDMA, QPSK, code rate: 10/27, fixed resource selection, equal SNR, timing within CP		fixed		0.5		-0.1

										random		*		*

						12		OFDMA,16QAM, code rate 5/9, fixed resource selection, equal SNR, timing within CP		fixed		1.1		0.1

										random		*		*

				0.2		6		OFDMA,16QAM, code rate 3/8, fixed resource selection, equal SNR, timing within CP		fixed		0.6		0.2

										random		*		*

						8		OFDMA,16QAM, code rate 1/2, fixed resource selection, equal SNR, timing within CP		fixed		0.8		0.2

										random		*		*
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UL EVAL Results-MCL

				Table 5 is to show link budget performance in terms of spetral efficiency w.r.t MCL.

						Example						Source1 (RDMA, R1-1609333), fixed resource allocation, equal SNR, TDL-A (30ns)																Source 3						Source 4						Source 5						Source 6

				Scheme		OFDMA		OFDMA 
(Power domian MA)		xxMA		RDMA, SE per UE=0.148 bps/Hz, Ideal CE,  8UE		RDMA, SE per UE=0.148 bps/Hz, Realistic CE, 8UE		RDMA, SE per UE=0.148 bps/Hz, Ideal CE, 12UE		RDMA, SE per UE=0.148 bps/Hz, Realistic CE, 12UE		RDMA, SE per UE=0.2 bps/Hz, Ideal CE, 6UE		RDMA, SE per UE=0.2 bps/Hz, Realistic CE, 6UE		RDMA, SE per UE=0.2 bps/Hz, Ideal CE, 8UE		RDMA, SE per UE=0.2 bps/Hz, Realistic CE, 8UE

				Overloading		100%		200%		x		100%		100%		100%		100%		100%		100%		100%		100%

				Spectrum Efficiency (bit/s/Hz)		0.5		0.25				1.184		1.184		1.776		1.776		1.2		1.2		1.6		1.6

				Transmitter

				(1) Tx Power (dBm)		23						23		23		23		23		23		23		23		23

				Receiver

				(2) Thermal noise density (dBm/Hz)		-174						-174		-174		-174		-174		-174		-174		-174		-174

				(3) eNB receiver noise figure (dB)		3						3		3		3		3		3		3		3		3

				(4) Interference margin (dB)		0						0		0		0		0		0		0		0		0

				(5) Occupied channel bandwidth (Hz)		45000						1080000		1080000		1080000		1080000		1080000		1080000		1080000		1080000

				(6) Effective noise power
= (2)+(3)+(4)+10 log ((5)) (dBm)								-110.6657624451		-110.6657624451		-110.6657624451		-110.6657624451		-110.6657624451		-110.6657624451		-110.6657624451		-110.6657624451

				(7) Required SINR (dB)		-0.2						-3.4		-2.7		-2.5		-1.7		-1.9		-1.4		-1.2		-0.6

				(8) Receiver sensitity =(6)+(7) (dBm)								-114.0657624451		-113.3657624451		-113.1657624451		-112.3657624451		-112.5657624451		-112.0657624451		-111.8657624451		-111.2657624451

				(9) Reciever processing gain		0						0		0		0		0		0		0		0		0

				(10) MCL = (1) - (8) + (9) (dB)								137.0657624451		136.3657624451		136.1657624451		135.3657624451		135.5657624451		135.0657624451		134.8657624451		134.2657624451
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