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1 Introduction
In 3GPP RAN1 #92, following agreements were made.
Agreements:
· Adopt the parameters in the following table for link-level evaluations of NOMA study.
Agreements:
· Adopt the following table as the metrics for NOMA study from link level point of view.
· More metrics may be added in the future
	Performance metrics 
	BLER vs. per UE SNR at a given pair of {per UE SE, # of UEs}  
Sum throughput v.s. SNR at given BLER level, for a given pair of {per UE SE, # of UEs}
MCL 

	Implementation related metrics
	PAPR/cubic metric
Rx complexity and processing latency
FFS:  Configuration/Scheduling flexibility








During the Rel-14 study item of NR, the comparison of various NOMA schemes was carried out independently, where the evaluation assumptions and transceiver design depend on each company. For Rel-15 study item of NOMA, to make more valid comparisons among NOMA schemes, the comparison methodology and assumptions should firstly be discussed. 
In this contribution, we firstly discuss the comparison methodology. Then, system-level simulation (SLS) evaluation including assumptions and metrics is discussed.
2 Comparison methodology
To make an efficient discussion and performance comparison of NOMA in three usage scenarios, the comparison methodology should be discussed.
2.1 Unified structure at the transmitter
[bookmark: OLE_LINK2][bookmark: OLE_LINK4]In the study item of NR in Rel-14, 15 NOMA schemes were proposed, which are listed in Table 1. The features of each NOMA scheme are also highlighted in Table 1. With the help of advanced receivers, signals of multiple users can be detected successfully.
[bookmark: _Ref503290941]Table 1 Existing NOMA schemes ordered by proposed time
	Scheme
	Features
	Reference

	SCMA
	Multi-dimensional constellation, sparse symbol-to-RE mapping pattern
	R1-162155

	RSMA
	Symbol-level scrambler
	[bookmark: OLE_LINK1]R1-162202

	MUSA
	Random complex spreading sequences
	R1-162226

	PDMA
	Symbol-to-RE mapping pattern
	R1-162306

	LCRS
	Low code rate, bit-level interleaver
	R1-162385

	SSMA
	Short spreading sequences
	R1-166552

	NCMA
	Grassmannian spreading sequences
	R1-162517

	NOMA
	Power domain, orthogonal spreading sequences
	R1-163111
R1-167392

	IGMA
	Bit-level interleaver, symbol-level grid mapping pattern
	R1-163992

	LDS-SVE
	Signature Vector Extension, RB-based sparse mapping pattern
	R1-164329

	LSSA
	Low code rate, user-specific bit-level permutation pattern, group RS pattern
	R1-164869

	NOCA
	LTE defined sequences for uplink RS
	R1-165019

	IDMA
	Low code rate, bit-level interleaver
	R1-165021

	RDMA
	Cyclic-shift Repetition, symbol-level interleaver
	R1-167535

	GOCA
	Orthogonal sequences in one group and non-orthogonal sequences for different groups
	R1-167535


Even though various signatures are employed by different NOMA schemes, the principle of trying to distinguish users at the receiver by different MA signatures is common. Therefore, the transmitter of NOMA schemes can be unified into one common structure. In Rel-14 NR SI, NOMA schemes were summarized by a high-level block diagram, where bit level and symbol level operations are included. Starting from this, a unified structure at the transmitter consisting of five modules is shown in Figure 1. 
· Bit-level interleaver/scrambler: For NOMA schemes with bit-level operations, user-specific bit-level interleaver/scrambler combined with low code rate channel coding is used to help multi-user detection (MUD) at the receiver.
· Bit-to-symbol mapping: This module maps the coded bits into modulated symbols, where no user-specific design is considered. For NOMA schemes except SCMA, conventional modulation schemes, e.g. BPSK and QPSK etc., are used. To further exploit the gain of this module, multi-dimensional modulation with shaping gain is used in SCMA.
· Symbol stream generation: Most NOMA schemes with symbol-level operations provide user-specific designs in this module, such as symbol-level interleaver and/or scrambler and user-specific spreading sequences as shown in Table 1.
· Power adjustment: Power is a simple but effective approach to distinguish users. Most NOMA schemes assume equal power, i.e., no power adjustment among users. User/Group-specific power is used by NOMA with user grouping.
· Symbol-to-RE mapping: The symbol stream can be mapped into either all the available physical resources (i.e., full mapping) or part of available physical resources (i.e., sparse mapping). Sparse mapping can reduce the collision on each RE at the cost of less transmission resources and user-specific mapping patterns can be designed to facilitate MUD. Full mapping can fully utilize the resources at the cost of more interference.
Existing NOMA schemes in Table 1 usually utilize one or multiple user-specific modules in Figure 1 as its MA signature to help receivers distinguishing multiple users. 


[bookmark: _Ref503291166]Figure 1 Unified structure of NOMA schemes at the transmitter
In addition, NOMA schemes usually assume single-layer structure, i.e., the information bits are processed through the modules in Figure 1. For further performance enhancement, the information bits can be divided into multiple streams, where each stream is encoded with lower coding rate and lower modulation order. By incorporating the multiple streams with different signatures, e.g., power, sequences or scrambler etc., the signals of multiple layers can be detected at the receiver successfully. Besides, if the coding rates of multiple layers are different, the multi-layer structure could provide multiple reliabilities, which can increase the robustness and overall throughput in grant-free transmission.
Observation 1: In addition to single-layer structure, multi-layer structure can be considered for existing NOMA schemes.
2.2 Module-based comparison methodology
In Rel-14 SI, scheme-based performance comparison was employed and the performance of multiple NOMA schemes were obtained independently under different assumptions. This is possible for preliminary study of uplink NOMA. However, the objective of NOMA SI in Rel-15 is to “further progress on the evaluation of non-orthogonal multiple access schemes focusing on uplink, and provide recommendation on the non-orthogonal multiple access scheme(s) to be specified later.”[2]. To this end, transceiver designs for uplink NOMA should be further studied and evaluated to figure out the optimal combinations of modules at transmitter and receivers in each usage scenarios. 
Instead of scheme-based performance comparison in Rel-14 SI, module-based performance comparison can be considered in Rel-15 SI. To investigate the performance gain of NOMA modules, the performance of baseline system without any NOMA schemes should be firstly evaluated. Then, the optimal NOMA scheme can be obtained by exhaustive searching on all the possible combinations of NOMA modules. For further simplification, one of the possible approaches is to compare the NOMA modules in Figure 1 successively based on some pre-defined priorities. The performance gain of each NOMA module is evaluated for all use scenarios. The optimal NOMA module and signature can be found by not only the performance gain but also latency and complexity at the transmitter and receiver, etc. 
With the above module-based comparison methodology, the performance gain of each NOMA module and signature can be well studied, 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK11]Proposal 1: Module-based comparison methodology should be considered and further discussed in NOMA SI in Rel-15. 
3 SLS evaluation assumptions and metrics
Performance is one of the most important comparison metrics for NOMA study. In RAN1 #92, the parameters and comparison metrics of link-level evaluations were widely discussed and made some agreements. As the evaluation in Rel-14, both LLS and SLS evaluations are necessary. Through LLS evaluations, the performance of all transceiver designs can be clearly compared. With SLS evaluations, the impacts, such as procedures, uplink power control, user distribution and random packet arrival, etc., on the performance of NOMA can be evaluated and the performance gain of NOMA over OMA can be evaluated. 
In Rel-14 study item of NR, for system level simulation, the following were used as evaluation metrics [1]
· eMBB: TRP spectrum efficiency and 5th percentile user spectrum efficiency; user experienced data rate and area traffic capacity; signaling overhead
· mMTC: Connection density with “connection efficiency” reported; latency for infrequent small packets; signaling overhead
· URLLC: Reliability for a target latency
For the SLS evaluation for grant-free UL multiple access schemes applied to mMTC, packet drop rate vs. packet arrival rate per cell curve is used, where grant-free UL multiple access schemes has the following characteristics
· A transmission from UE does not need the dynamic and explicit scheduling grant from eNB
· Multiple UEs can share the same time and frequency resources
and packet drop rate is defined as (Number of packet in outage) / (number of generated packets), where a packet is in outage if this packet failed to be successfully received by destination receiver beyond “Packet dropping timer”.
Different from performance metrics for link-level evaluations, the performance metrics of three usage scenarios for system-level evaluation are different considering their specific requirements. As mentioned in Rel.15 NOMA SID, Rel.15 study shall be discussed based on the agreements, observations, and evaluation assumption made in Rel.14 study. In the sense, these performance metrics should be reused by system-level evaluations in Rel-15. In the same way, for SLS evaluation for NOMA SI in Rel-15, latest evaluation assumptions for mMTC, eMBB and URLLC in NR and the agreements in Rel-14 should be the starting point. The related parameters in TR38.802 are listed in Annex.

[bookmark: OLE_LINK14][bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK15]Proposal 2: The performance metrics and assumptions for system-level evaluations of NOMA in Rel-14 can be the starting point.
4 Conclusion
In this contribution, we discussed the comparison methodology, system-level evaluation assumptions and performance metrics for uplink non-orthogonal multiple access in Rel-15. The following observations and proposals are obtained:
Observation 1: In addition to single-layer structure, multi-layer structure can be considered for existing NOMA schemes.
Proposal 1: Module-based comparison methodology should be considered and further discussed in NOMA SI in Rel-15. 
Proposal 2: The performance metrics and assumptions for system-level evaluations of NOMA in Rel-14 can be the starting point.
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Appendix System level evaluation assumption
Appendix 1-A mMTC
Table A.2.1-3: System level evaluation assumptions for urban coverage for massive connection and extreme long coverage
	Parameters
	Urban coverage for massive connection (Uplink)

	Layout
	Single layer 
 - Macro layer: Hex. Grid 

	Inter-BS distance 
	1732m, 500m (optional) 

	Carrier frequency 
	700MHz 

	Aggregated system 
bandwidth
	Companies report aggregated bandwidth used in evaluation

	Simulation bandwidth
	Companies report simulation bandwidth used in evaluation

	Channel model
	3D UMa 
Take 5GCM output into account if applicable

	BS Tx power 
	-

	UE Tx power 
	Max 23dBm or optional 10dBm

	BS antenna configurations
	Rx: 2 and 4 ports (8 as optional) 

	BS antenna height 
	25m

	BS antenna element gain + connector loss
	8 dBi, including 3dB cable loss 

	BS receiver noise figure
	Below 6GHz: 5dB
Above 6GHz: 7dB

	UE antenna configuration
	1Tx

	UE antenna height
	1.5m

	UE antenna gain
	-4dBi

	UE receiver noise figure
	 - 

	Traffic model
	Non-full buffer small packet. 
Consider future trend of mMTC traffic 

	Traffic load (Resource utilization)
	-

	UE distribution
	20% of users are outdoor in cars (100km/h) or 20% of users are outdoors (3km/h)
80% of users are indoor (3km/h) 
Users dropped uniformly in entire cell 

	BS receiver
	MMSE-IRC as the baseline receiver
Note: Advanced receiver is not precluded.-

	UE receiver
	-

	Feedback assumption
	-

	Channel estimation
	Realistic


Table A.2.2-2: UL traffic model for mMTC applied to multiple access evaluation
	Parameters
	Values/assumptions

	Data packet arrival rate per UE
	Poisson arrival with arrival rate λ

	Number of UEs per cell
	Companies report the number of UEs per cell and companies are encouraged to report λ to achieve the connection density target.

	Packet size
	Option 1: Follow TR45.820 
Option 2: Fix 40 Bytes 

	Simulation Bandwidth 
	Companies report the simulation bandwidth

	Target packet drop rate
	0.01

	Packet dropping timer
	Baseline: 1s, 10s 
Other values are not precluded. 






Appendix 1-B eMBB
Table A.2.2-1: Evaluation assumptions for multiple access schemes targeting eMBB
	Parameters
	Dense urban (eMBB)
	Rural

	Layout
	Signal layer
Two layers not precluded
	Single layer
Macro layer: Hex. Grid

	Inter-BS distance 
	Macro layer: 200m
	1732m

	Carrier frequency 
	4 GHz for the single layer
	700MHz

	BS antenna configuration
	4, 8, 16, 32 TXRUs
	2, 4, 8 ports 

	BS scheduler
	Both subband and wideband scheduler can be considered

	UE antenna configuration
	2, 1 TXUs
2, 4 RXUs
	2Tx, 1Tx port
2Rx, 4Rx ports

	Traffic model
	Full buffer model for spectral efficiency
FTP model 1/3 for user experienced data rate

NOTE: full buffer evaluation is not used for technical scheme down selection

	Traffic load (Resource utilization)
	50%, 80%
25% (optional)

	UE density for full buffer model
	10 UE per TRP
20 or other values are not precluded
	10 UE per TRP
other values are not precluded



Appendix 1-C URLLC
Table A.2.4-1: Simulation assumptions for URLLC
	Parameters
	Urban Macro

	Layout
	Single layer
Macro layer: Hexagonal Grid

	Inter-BS distance 
	500 m

	Carrier frequency 
	4 GHz

	Aggregated system bandwidth
	4 GHz: Up to 200 MHz (DL+UL)

	Simulation bandwidth
	20 MHz per CC below 6 GHz 
Note: For FDD, simulation BW is split equally between UL and DL
Other bandwidths are not precluded

	Channel model
	36.873 3D UMa

	BS Tx power
	46 dBm per 20 MHz

	UE Tx power
	23 dBm

	BS antenna configurations
	See 38.802, table A.2.1-4.

	BS antenna height 
	25 m

	BS antenna element gain + connector loss
	See 38.802, table A.2.1-4.

	BS receiver noise figure
	Below 6 GHz: 5 dB

	UE antenna configurations
	See 38.802, table A.2.1-4.

	UE antenna height
	Follow the modelling of TR 36.873

	UE antenna gain
	Follow the modelling of TR 36.873

	UE receiver noise figure
	9 dB

	Traffic model
	Unidirectional and bidirectional (DL or UL).
URLLC: Both FTP Model 3 (with Poisson arrival) and periodic packet arrivals with packet size 32, 50, 200 bytes.
eMBB: Option 1: Full buffer, Option 2: FTP model 3 with packet size, 0.1Mbytes and 0.5Mbytes

	Traffic load (Resource utilization)
	URLLC: Packet arrival to achieve URLLC capacity
eMBB: For FTP Model 3, arrival rate is selected to achieve RU of [20, 50] % for the case of no multiplexing with URLLC

	UE distribution
	Follow Urban Macro user distribution for both URLLC and eMBB UEs
20% Outdoor in cars: 30 km/h,
80% Indoor: 3 km/h
URLLC: 10 UE/sector
eMBB: 0/10 UE/sector
Option 1 (DL only)
Load only center 1 sector with 10 URLLCC and 0/10 eMBB
Load other 56 sectors with 1 eMBB
1 eMBB UE in the other 56 sectors is of the same traffic model as the eMBB UEs in the center sector
Option 2
Load all sectors with 10 URLLCC and 0/10 eMBB

	BS receiver
	Reported by companies, Baseline is MMSE-IRC

	UE receiver
	Reported by companies, Baseline is MMSE-IRC

	Feedback assumption & Link adaptation assumptions
	Reported by companies

	Channel estimation
	Reported by companies, Practical channel estimation

	Others
	Companies report the assumption on admission control used



Appendix 1-D Common parameters
Table A.2.1-4: Antenna configurations for below and above 6GHz
	
	Below 6GHz (700MHz, 4GHz)

	TXRU mapping
	Per panel, reuse models in TR 36.897

Consider the following a TXRU to antenna elements mapping as examples
4GHz: the same as TR36.897

	Number of BS antenna elements across all panels
	700MHz: Up to 64 Tx /Rx antenna elements 
4GHz: Up to 256 Tx /Rx antenna elements 
Note: Same as TR38.913

	Number of UE antenna elements
	700MHz: Up to 4 Tx /Rx antenna elements 
4GHz: Up to 8 Tx /Rx antenna elements 
Note: Same as TR38.913

	BS (M, N, P, Mg, Ng)
	4GHz:
Dense urban and Urban macro:
- Baseline: (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1).
- Note that for Urban macro, companies are also encouraged optionally to investigate larger panels, e.g. (8, 16, 2, 1, 1)
Indoor hotspot:
- Baseline: (M, N, P, Mg, Ng) = (4, 4, 2, 1, 1) 

	BS (dH,dV,dH,g,dV,g)
	4GHz:
Dense urban and Urban macro:
- Baseline: (dH, dV) = (0.5, 0.8)λ
Indoor hotspot:
- Baseline: (dH, dV) = (0.5, 0.5)λ

	UE antenna model parameters
	Panel model 1: Mg = 1, Ng = 1, P = 2, dH = 0.5

	BS antenna element gain pattern
	According to TR36.873

	UE antenna element gain pattern
	Omnidirectional

	Others
	TXRUs within a panel can be assumed to be synchronized and phase-calibrated (at least to the same level as in LTE).
It should be possible as one option to assume QCL between ports of two different panels of the same transmission points
Distances (dg,H, dg,V) between panels should be limited. 
NR evaluations consider both cases of phase-calibration and no phase-calibration between panels:
-	Phase offset of non-calibrated panel (either TRP or UE side) is modeled as a uniform distributed random variable between ().
-	Adopt the accumulated phase offset of non-calibrated panel pair in channel coefficients equation (7.21) and (7.26) in TR 38.901 [15].
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