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1 Introduction

NOMA techniques for NR was initially studied during the Rel-14 NR study item in a certain degree but the study scope was limited mainly to mMTC use case. After the completion of the Rel-14 NR study item, NOMA was approved as a separate study item for NR Rel-15, where the corresponding SID describes that NOMA will be studied for variety of use cases or deployment scenarios, including eMBB, URLLC, and mMTC [1]. Since RAN1 #92 is the first WG meeting for NOMA study item, it is required to discuss the evaluation assumptions for different use cases. 
This contribution provides desirable evaluation methodologies for different use cases. In addition, some initial evaluation results are also provided in this contribution.
2 Evaluation methodology for Link Level Simulation
2.1 Evaluation assumption

This section discusses possible link level evaluation assumptions for three different use cases. Table 1 shows the summary of the detailed parameters for link level evaluation. Some highlighted parameters will be discussed with more details after Table 1.
Table 1. Link-level evaluation assumptions.
	Parameters
	mMTC
	URLLC
	eMBB

	Carrier Frequency
	2 GHz
	2 GHz
	2 GHz

	Waveform 

(data part)
	CP-OFDM and
DFT-s-OFDM
	CP-OFDM
	CP-OFDM

	Numerology 

(data part)
	SCS = 15 kHz
#OS = 14
	SCS = 60 kHz

#OS = 7
	SCS = 15 kHz

#OS = 14

	Channel Coding (1)
	LTE Turbo
	LTE Turbo
	NR LDPC

	Allocated bandwidth
	4 or 6 RB as baseline, single-tone, 1 RB as optional
	4 or 6 RB as baseline, 12 RB as optional


	4 or 6 RB as baseline, and 12 RB as optional

	Target per UE spectral efficiency 
	[0.1-0.5] for normal coverage;

 [0.01-0.1] for extended coverage
	[0.1-0.5]
	[0.1-0.5]

	Target BLER for one transmission
	10%
	0.1%
	10%

	Number of UEs multiplexed in the same allocated bandwidth
	To be reported by companies.

	BS antenna configuration
	2Rx as baseline

4Rx as optional

	UE antenna configuration
	1Tx

	Propagation channel & UE velocity
	TDL-A 30ns and TDL-C 300ns in TR38.901, 3km/h

	Max number of HARQ transmission
	1
	1 as a baseline

4 repetitions 
	1

	Channel estimation (2)
	Realistic channel estimation,

Ideal channel estimation results should also be reported

	MA signature allocation (for data)
	Fixed/Random
	Fixed/Random
	Fixed/Random

	DMRS design (3)
	Starting point is the NR DMRS 
Proponents report the details of DMRS, e.g. whether type1 or type2, whether there is any modification on DMRS, etc

	Timing/frequency offset
	0 as starting point

	Distribution of avg. SNR
	Both equal and unequal (unequal: ±3dB deviation)
	Equal
	Both equal and unequal (unequal: ±3dB deviation)

	Receiver algorithm
	Proponents provide details of receiver algorithms

	Metric
	BLER vs. SNR

	Traffic model (4)
	Full buffer as starting point
Traffic with random arrival is also considered


Discussions on each parameter
(1) Channel coding: For eMBB, it is straightforward that LDPC is the baseline reflecting the current NR agreements. For the other use cases, LTE Turbo code could be a good candidate in order to avoid any confusion on channel coding scheme, which is still FFS and out of the discussion scope in this study item. Channel coding module can be simply added to the simulator so it is likely that using different channel coding schemes does not increase simulation efforts a lot.
(2) &  (3) 
Channel estimation and DMRS design: The performance of NOMA scheme highly depends on the advanced receiver structure and advanced receiver operation depends on whether the channel estimation is accurate or not. Therefore, channel estimation assumption is extremely important especially for performance comparison between different proposals. For the calibration purpose, ideal channel estimation could be used but for the actual comparison between proposals, real channel estimation is a must. Real channel estimation is also closely related to the DMRS design. NR DMRS design especially type-1 with 2 DMRS symbols would be the base line for all three use cases. Here, DMRS has to support multiplexing of multiple users with sufficient separation between DMRS’s of different users. Current NR DMRS can support only up to 12 users. (Up to 12 orthogonal ports are supported) If there is a need to increase the number of simultaneous users, certain modification or improvement is required for the DMRS design. In that perspective, when large number of users are evaluated, detailed assumption for DMRS design has to be described especially for real channel estimation.
(4) Traffic model: We support using traffic model of random user arrival even for LLS (at least for mMTC and even other use cases). How to manage the interference between UEs is one of the most important aspects for NOMA. Therefore, interference variation by non-full buffer traffic model needs to be evaluated with LLS. It is correct that SLS can be used for evaluating non-full buffer traffic. However, the effect of the time-varying inter-user interference may not be clearly seen by SLS by being combined with other effects. LLS can show the impact of the inter-user interference variation when used with random arrival traffic for each user. One traffic example is to simply use the FTP model 1/3 with small fixed packet size while keeping the number of users.
Proposal 1
· Table 1 is used as a baseline evaluation assumption for NOMA LLS

2.2 Performance metric
For link level simulation, the general evaluation metrics which were described in [5] need to be considered as listed below
-
BLER vs SNR

-
Receiver complexity
-
Sum rate or spectral efficiency
Since the NOMA has to consider multiple UEs inside the same resource, there can be some additional aspects to be considered for LLS. For example, when we compare NOMA and OMA for evaluating multiplexing capacity, we multiplex multiple users in a shared resource for NOMA and we multiplex users in different frequency resource for OMA. In this case, the allocated frequency band for each user can be different and the performance comparison cannot be fair. Therefore, it is desirable to use the same frequency BW for performance comparison.
If different allocation bandwidths have to be used for different schemes, the minimum coupling loss (MCL) metric could be an alternative metric rather than SNR, where the MCL can be calculated as given in Table 6.
Proposal 2
· Following performance metrics are used for LLS

· BLER vs SNR

· Receiver complexity
· Sum rate or spectral efficiency
2.3 Initial Link Level Evaluation Results
2.3.1 NOMA performance with different channel estimation
Figure 2 and Figure 3 show the impact of channel estimation methods for different use cases. Details of the receiver algorithm and related real channel estimation method are given in [2]. Results show that there are significant performance gap between ideal channel estimation and real channel estimation. In addition, there can be non-negligible gaps between different channel estimation schemes. Depending on the channel estimation method (and DMRS design as well), the maximum number of users that can be multiplexed within the same resource can be different.
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Figure 2. Link level evaluation for mMTC/eMBB scenario.
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Figure 3. Link level evaluation for URLLC scenario.
Observation 1:

· LCRS provides sufficient NOMA gain with minimal specification impact

· Number of supportable users depends on code rate and target BLER

· NOMA robustness (capability to support large number of users) depends largely on channel estimation algorithm: advanced algorithm is preferred
Proposal 3:

· Real channel estimation has to be considered for NOMA LLS
· Detailed channel estimation algorithm has to be provided by Proponents
2.3.2 SNR distribution dependency
The effect of the unequal SNR distribution is shown in the Figure 4 which compares the results based on equal SNR distribution and unequal SNR distribution for multiple UEs. In either case, the performance is similar under the real channel estimation case. However, it is possible that the results may be different between two cases depend on the DMRS design or receiver algorithm. It is worthwhile to look at the unequal SNR distribution case since it is more realistic assumption.
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Figure 4. SNR distribution impact on NOMA performance.

Proposal 4:

· Both equal and unequal SNR distribution have to be considered for NOMA LLS
2.3.3 LTE Turbo code vs NR LDPC code

As discussed in section 2.1, LDPC has to be assumed at least for eMBB use case and LTE Turbo code can be assumed for the other use cases. Figure 5 provides performance comparison between NR LDPC and LTE Turbo code (CTC). As can be seen in the Figure, the performance for LDPC is slightly better than LTE CTC coding scheme.
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Figure 5. LDPC vs LTE Turbo (CTC)
Observation 2:

· NR LDPC shows slight performance benefits than LTE CTC 

Proposal 5:

· Use NR  LDPC for NOMA link level evaluation at least for eMBB scenario
2.3.4 NR DMRS capability

NR defines multiple configurations of DMRS for PUSCH and this section provides some initial results based on NR DMRS structure.  Table 2 summarizes the number of orthogonal ports for NR DMRS depending on the DMRS configurations.
Table 2. Number of orthogonal ports for NR DMRS

	DMRS configuration
	Number of orthogonal ports

	Type 1, 1 symbol
	4 orthogonal ports

	Type 1, 2 symbol
	8 orthogonal ports

	Type 2, 1 symbol
	6 orthogonal ports

	Type 2, 2 symbol
	12 orthogonal ports


Figure 6 depicts link level performance for NOMA with NR DMRS type-1/2 & 1-symbol configuration. It is shown that type 1 configuration is capable to support 4 UEs whereas 6-UE configuration suffers from significant degradation due to the lack of orthogonality. In case of type 2 NR DMRS, it can be interpreted that if the number of users is larger than 6, there can be performance degradation by the DMRS limitation.
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Figure 6. NOMA performance with NR DMRS.

Observation 3:

· Non-orthogonal DMRS significantly influences on NOMA performance
Proposal 6:

· NR DMRS structure has to be assumed for NOMA LLS evaluation with real channel estimation
3 Evaluation methodology for System Level Simulation
In this section we provide initial evalauation assumptions for System level evaluation for NOMA in Table 3, 4 for each use case, which is generally similar to the assumptions in [5].

Table 3. System level simulation assumption for eMBB and mMTC

	Parameters
	Dense urban (eMBB)
	Rural (mMTC)

	Layout
	Single layer
Two layers are 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 for grant-based operation

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

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

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


Table 4. System level simulation assumption for URLLC
	Parameters
	Urban Macro
	Indoor Hotspot

	Layout
	Single layer
Macro layer: Hexagonal Grid
	Single-layer
Indoor floor: (3,6,12) BSs per 120 m x 50 m

	Inter-BS distance 
	500 m
	Follow TRP placement from 38.802

	Carrier frequency 
	4 GHz
	4 GHz

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

	Simulation bandwidth
	10 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
	Below 6 GHz: ITU InH
Note: When 5GCM is found to be applicable to below 6 GHz, 5GCM  should be used

	BS Tx power
	46 dBm per 20 MHz
	24 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
	3 m

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

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

	Traffic model
	Both FTP Model 3 (see slide below) and periodic packet arrivals 
with packet size 32, 50, 200 bytes.

	Traffic load
	Packet arrival to achieve URLLC capacity

	UE distribution
	10, 20 ,30 UE/sector; 
20% Outdoor in cars: 30 km/h; 
80% Indoor:  3 km/h;
	10, 20 UE/floor/TRP
100% Indoor, 3 km/h

	Performance metric
	PDR – Packet Drop Ration per sector per ms.


Table 5 summarizes the potential evaluation metrics for NOMA SLS.

Table 5. Performance metric for NOMA SLS
	User case
	Performance metric

	eMBB
	TRP spectrum efficiency

5th percentile user spectrum efficiency
User experienced data rate 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


Proposal 7:

· Table 3-5 are considered for SLS evaluation assumption and performance metric
4 Conclusions

In this contribution, we discuss the evaluation methodology for NOMA. Based on the discussion, we have following observations and proposals: 
Observation 1:

· LCRS provides sufficient NOMA gain with minimal specification impact

· Number of supportable users depends on code rate and target BLER

· NOMA robustness (capability to support large number of users) depends much on channel estimation algorithm: advanced algorithm is preferred
Proposal 1:
·  Table 1 is used as a baseline evaluation assumption for NOMA LLS

Proposal 2:

· Following performance metrics are used for LLS

· BLER vs SNR

· Receiver complexity
· Sum rate or spectral efficiency
Proposal 3:

· Real channel estimation has to be considered for NOMA LLS
· Detailed channel estimation algorithm has to be provided by Proponents
Proposal 4:

· Both equal and unequal SNR distribution have to be considered for NOMA LLS

Proposal 5:

· NR DMRS structure has to be assumed for NOMA LLS evaluation with real channel estimation
Proposal 6:

· Table 3-5 are considered for SLS evaluation assumption and performance metric
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Appendix A

Table 6. MCL calculation template
	Physical channel name

	Transmitter

	(1) Tx power (dBm)

	Receiver

	(2) Thermal noise density (dBm/Hz)

	(3) Receiver noise figure (dB)

	(4) Interference margin (dB)

	(5) Occupied channel bandwidth (Hz)

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

	(7) Required SINR (dB)

	(8) Receiver sensitivity = (6) + (7) (dBm)

	(9) MCL = (1) ( (8) (dB)
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