[bookmark: OLE_LINK3]3GPP TSG RAN WG1 Meeting #95	R1-1813308
Spokane, US, November 12th – 16th, 2018

Source:	NTT DOCOMO, INC.
[bookmark: _GoBack]Title:	Evaluation results of UL NOMA
[bookmark: Source]Agenda Item:	7.2.1.4
[bookmark: DocumentFor]Document for: 	Discussion and Decision
1 Introduction
In RAN1#92~#94 meeting, the link-level simulation (LLS) assumptions, performance metrics and template for collecting LLS results have been agreed [1, 2, 3, 4]. In RAN1#94bis meeting, observations based on LLS results provided by multiple companies in template 1 were discussed and following observations were agreed [5]. 
	Agreements:
· Observation 1: with ideal channel estimation, the LLS results for Case 1 with 12 or 24 UEs show a similar performance for most of curves provided, at target BLER = 0.1, with appropriate configurations.
· Observation 2: with ideal channel estimation, the LLS results for Case 2 with 6 or 12 UEs show a similar performance for most of curves provided for coding rates no more than 0.2, at target BLER = 0.1.
· Observation 2.1: with ideal channel estimation, the LLS results for Case 2 with 6 or 12 UEs show a similar performance for most of curves provided for coding rate ~0.4, at target BLER = 0.1.
· Observation 3: with ideal channel estimation, the LLS results for Case 3 with 6 UEs show a similar performance for most of curves provided with code rate up to 0.4, at target BLER = 0.1, even when different receiver types are used.
· Observation 4: for Case 3 with 10 UEs and ideal channel estimation, 
· the LLS results for simulated schemes with the Chip EPA hybrid PIC or MMSE-hybrid IC receiver or ESE-SISO receiver show a similar performance for most of curves provided with code rate up to 0.4, at target BLER = 0.1. 
· the LLS results for simulated schemes with the MMSE-hard IC receiver show a similar performance for most of curves provided with code rate up to 0.4, at target BLER = 0.1. 
· the LLS results with the Chip EPA hybrid PIC or MMSE-hybrid IC receiver or ESE-SISO receiver show better performance than the results with the MMSE-hard IC receiver.
· Observation 5: for Case 4 with 6 UEs and ideal channel estimation, 
· the LLS results for simulated schemes with the Chip EPA hybrid PIC or MMSE-hybrid IC receiver show a similar performance for most of curves provided with code rate up to 0.6, at target BLER = 0.1. 
· the LLS results for simulated schemes with the MMSE-hard IC receiver or ESE-SISO receiver show a similar performance for most of curves provided with code rate up to 0.6, at target BLER = 0.1. 
· the LLS results with the Chip EPA hybrid PIC or MMSE-hybrid IC receiver show better performance than the results with the MMSE-hard IC receiver or ESE-SISO receiver.
· Observation 6: for Case 5 with 4 UEs and ideal channel estimation, 
· when the code rate is similar, the LLS results for simulated schemes with the Chip EPA hybrid PIC or MMSE-hybrid IC receiver show a similar performance for most of curves provided, at target BLER = 0.1. 
· the LLS results for simulated schemes with the MMSE-hard IC receiver and ESE-SISO receiver show a similar performance for most of curves provided, at target BLER = 0.1. 
· When the code rate is round 0.36, the LLS results with the Chip EPA hybrid PIC or MMSE-hybrid IC receiver show better performance than the results with the MMSE-hard IC receiver or ESE-SISO receiver.
· When the code rate is round 0.71, the LLS results with the Chip EPA hybrid PIC or MMSE-hybrid IC receiver show similar performance to the results with the MMSE-hard IC receiver or ESE-SISO receiver
· Observation 7: for Case 5 with 6 UEs and ideal channel estimation, 
· the LLS results for linear-spreading based schemes (SF>1) with the MMSE-hard IC receiver show a similar performance, at target BLER = 0.1.


In this contribution, based on the agreed assumptions, we provide more link-level simulation results in the agreed templates and discuss the performance gain of GWBE sequences and user grouping (or power assignment).
2 Link-level simulation results
In this section, we provide the LLS results of UGMA, MUSA, SCMA and 1Layer-RSMA. The results of BLER vs. SNR of partial cases in LLS template 1 can be found in the attachment in excel file. 
Two configurations for UGMA are considered in current results provided in the attachment. The first configuration named with “UGMA” uses the same SNR distribution as the agreements, i.e., only GWBE sequences are used. From the results in template 1, we can have following observation.
Observation 1: GWBE sequences achieve similar performance with WBE under small TBS and better performance than WBE under large TBS.
Besides, as clarified in [6], power is also part of the MA signature of UGMA and can be used together with GWBE sequences for further performance enhancement in the case with high requirement of spectral efficiency. Therefore, we also evaluate UGMA with both GWBE sequences and power as MA signatures, which is named with “UGMA2” in template 1. 
To further validate the performance gain of power assignment, we evaluate UGMA, MUSA and SCMA with powers (or user grouping) in Figure 1, Figure 2 and Figure 3, respectively. It can be observed that for high spectral efficiency in Figure 1(b)(d)(f), power or user grouping can achieve very large SNR gain at BLER target 0.1. For medium spectral efficiency in Figure 1(a)(c)(e) and Figure 2 and Figure 3, power can achieve nearly 1dB SNR gain at BLER target 0.1.
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(a) TBS 20bytes, 24UE                                            (b) TBS 40bytes, 16UE
 [image: ] [image: ]
(c) TBS 60bytes, 8 UE                                            (d) TBS 60bytes, 12 UE
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(e) TBS 75bytes, 6 UE                                            (f) TBS 75bytes, 10 UE
Figure 1 Performance of UGMA with and without user grouping
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(a) TBS 60bytes, 8 UE                                            (b) TBS 75bytes, 6 UE
Figure 2 Performance of MUSA with and without user grouping
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(a) TBS 60bytes, 8 UE                                            (b) TBS 75bytes, 6 UE
Figure 3 Performance of SCMA with and without user grouping
Observation 2: User grouping (or power assignment) can enhance the performance of uplink NOMA at least for UGMA, SCMA and MUSA. 
3 Conclusion
In this contribution, we provided link-level evaluation results for uplink non-orthogonal multiple access based on the agreed evaluation assumptions. The following observations and proposals are obtained:
Observation 1: GWBE sequences achieve similar performance with WBE under small TBS and better performance than WBE under large TBS.
Observation 2: User grouping (or power assignment) can enhance the performance of uplink NOMA at least for UGMA, SCMA and MUSA. 
Proposal 1: GWBE sequences and user grouping should be considered as candidates for uplink NOMA.
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Case 4: mMTC, CP-OFDM, 1T2R, Equal SNR, Fixed, TDL-C 300ns, TBS60bytes, SF=4, 12UE


w/ user grouping (x-2.5, x+2.5)dB, Ideal CE


w/ user grouping (x-2.5, x+2.5)dB, MMSE CE


w/o user grouping (x) dB, Ideal CE


w/o user grouping (x) dB, MMSE CE




2 3 4 5 6 7 8 9 10 11 12

SNR (dB)

10

-2

10

-1

10

0

B

L

E

R

Case 4: mMTC, CP-OFDM, 1T2R, Equal SNR, Fixed, TDL-C 300ns, TBS60bytes, SF=4, 12UE
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Case5: mMTC, CP-OFDM, 1T2R, Equal SNR, Fixed, TDL-A 30ns, TBS75bytes, SF=4, 10UE


w/ user grouping (x-2.5, x+2.5)dB, Ideal CE


w/ user grouping (x-2.5, x+2.5)dB, MMSE CE


w/o user grouping (x) dB, Ideal CE


w/o user grouping (x) dB, MMSE CE
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Case5: mMTC, CP-OFDM, 1T2R, Equal SNR, Fixed, TDL-A 30ns, TBS75bytes, SF=4, 10UE

w/ user grouping (x-2.5, x+2.5)dB, Ideal CE

w/ user grouping (x-2.5, x+2.5)dB, MMSE CE

w/o user grouping (x) dB, Ideal CE
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Case 2: mMTC, CP-OFDM, 1T2R, Equal SNR, Fixed, TDL-C 300ns, TBS20bytes, SF=4, 24UE


w/ user grouping (x-2, x+2)dB, Ideal CE


w/ user grouping (x-2, x+2)dB, MMSE CE


w/o user grouping (x) dB, Ideal CE


w/o user grouping (x) dB, MMSE CE
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Case 2: mMTC, CP-OFDM, 1T2R, Equal SNR, Fixed, TDL-C 300ns, TBS20bytes, SF=4, 24UE

w/ user grouping (x-2, x+2)dB, Ideal CE
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Case 3: mMTC, CP-OFDM, 1T2R, Equal SNR, Fixed, TDL-A 30ns, TBS40bytes, SF=4, 16UE


w/ user grouping (x-2.5, x+2.5)dB, Ideal CE


w/ user grouping (x-2.5, x+2.5)dB, MMSE CE


w/o user grouping (x) dB, Ideal CE


w/o user grouping (x) dB, MMSE CE
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Case 3: mMTC, CP-OFDM, 1T2R, Equal SNR, Fixed, TDL-A 30ns, TBS40bytes, SF=4, 16UE

w/ user grouping (x-2.5, x+2.5)dB, Ideal CE

w/ user grouping (x-2.5, x+2.5)dB, MMSE CE

w/o user grouping (x) dB, Ideal CE

w/o user grouping (x) dB, MMSE CE


