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Introduction
At the RAN1 #94 meeting, the following agreements were made with regard to link-level and system-level evaluation methodologies for NOMA study [1]. 

Agreements:
· For mMTC, 
· the baseline for system-level performance comparison is 
· UL transmission with configured grant type 1 or type 2 in Rel.15 NR.
·  Companies to report the link adaptation assumptions, if any.
· The DMRS collision, if any, should be taken into account.
· For the evaluation of NOMA schemes
· UL transmission with configured grant type 1 or type 2 in Rel.15 NR as staring point
·  Companies to report the link adaptation assumptions, if any.
·  The MA signature (including DMRS) is semi-statically configured.
· The MA signature collision, if any, should be taken into account.
· FFS: to demonstrate the potential NOMA gain under grant-free transmission with random selection of MA signatures, where collision of MA signature should be considered.
· The grant-free definition follows NR SI.

Agreements:
· For eMBB, 
· the baseline for system-level performance comparison can be 
· Configured grant type 1 or type 2 in Rel.15 NR.
· The DMRS collision, if any, should be taken into account.
· Companies to report the link adaptation assumptions, if any.
· UL transmission with dynamic grant
· Details to be reported.
· The signalling overhead should be reported.
· For the evaluation of NOMA schemes
· Configured grant type 1 or type 2 in Rel.15 NR.
·  The MA signature (including DMRS) is semi-statically configured.
· The MA signature collision, if any, should be taken into account.
· Companies to report the link adaptation assumptions, if any.
· UL transmission with dynamic grant
· Details to be reported.
· The signalling overhead should be reported.
· FFS: to demonstrate the potential NOMA gain under grant-free transmission with random selection of MA signatures, where collision of MA signature should be considered.
· The grant-free definition follows NR SI.

Agreements:
· For SLS in mMTC and eMBB, the packet drop rate (PDR) is defined as (the number of packets in outage) / (the number of packets generated), where a packet is in outage if this packet failed to be successfully decoded by the receiver beyond
·  “packet dropping timer”, or
· The packet dropping timer can be set to 1 second as the starting point.
· “maximum number of HARQ transmission(s)”
· 1 and 8 as starting point
· The HARQ timing is FFS

Agreements:
· Simplified system-level evaluations can be used for URLLC scenario as detailed as follows:
· Mean BLER of a UE can be used to represent the reliability of the UE. 
· Note: Further considerations can be reviewed, e.g. the deviation of BLER about the mean BLER.
· PHY abstraction methods agreed in TR38.802 can be reused as the starting point.
· Note: Further considerations can be reviewed.

Agreements:
· For mMTC, higher layer protocol overhead can be confirmed to 29 bytes for evaluation purpose.
· The traffic model below is used for NOMA evaluations in URLLC scenario:
· Packet arrival per UE can be based on either option 1 or option 2
· Option 1: FTP Model 3 with Poisson arrival;
· Option 2: Periodic packet arrivals.
· Packet size: 
· Single fixed value per simulation: 60 bytes and 200 bytes
· higher layer protocol overhead included
· The target reliability is 99.999% and the target delay requirement is 1ms (for 60 bytes) and 4ms (for 200bytes) as starting point.
· The traffic model below is used for NOMA evaluations in eMBB scenario:
· Packet arrival per UE: FTP Model 3 with Poisson arrival
· Packet size:
· [40]~[600] bytes Pareto distribution, with shaping parameter alpha = [1.5] as starting point.
· Further refinement can be further discussed in RAN1#94
Agreements:
· The building penetration model defined in Table 7.4.3-3 in TR 38.901 is used for SLS with frequencies below 6 GHz.
· For mMTC:
· Inter-BS distance is 1732 m.
· Simulation bandwidth with 6 PRBs is the starting point.
· For UE distribution, 20% of users are outdoors (3km/h), 80% of users are indoor (3km/h).
· For URLLC: 
· Carrier frequency can be 4GHz or 700MHz.
· For 4GHz, 
· 200m ISD, 20% of users are outdoors (3km/h), 80% of users are indoor (3km/h).
· For 700MHz, 500m ISD, 20% of users are outdoors (3km/h), 80% of users are indoor (3km/h).
· Other option(s) not precluded, e.g., 500m ISD, 80% of users are outdoors (3km/h), 20% of users are indoor (3km/h).
· Clarify the simulation bandwidth in the SLS assumptions is the bandwidth for uplink transmission. 
· FFS whether or not to introduce system bandwidth in SLS

Agreements:
· Residual frequency offset for link-level simulation
· In addition to 0, evaluate uniform distribution between -70 and 70 Hz for 700MHz carrier frequency, and uniform distribution between [-140] and [140] Hz for 4GHz carrier frequency.


Agreements:
· Clarify the definition of SNR in LLS as:
· The mean received power over the allocated bandwidth per OFDM symbol carrying data, divided by noise power per OFDM symbol within the allocated bandwidth.
Agreements:
· For realistic channel estimation with number of DMRS ports <= 12
· Reuse the NR design for evaluation purpose
· Other DMRS designs are not precluded for the NOMA study
· For realistic channel estimation with number of DMRS ports > 12
· The DMRS overhead should not be less than NR design for evaluation purpose.
· FFS extending DMRS design for the NOMA study
· Number of PRB is 24 PRBs for URLLC evaluations with 30 kHz SCS.
· There is no implication to make performance comparison between 60 kHz and 30 kHz.

In this contribution, we discuss remaining issues for link-level and system-level evaluation for NOMA and provide some initial evaluation results.
Link level evaluation
This section discusses remaining issues for NOMA LLS including timing offset for asynchronous transmission scenario and random selection procedure for MA signature. In addition, we provide some initial LLS results for multi-user case based on agreed assumption.
Timing offset
In the link level simulation assumption, it is FFS on the timing offset value for grant-free UL NOMA transmission. This would depend on whether synchronous or asynchronous uplink transmission is assumed. For synchronous case, UL packets are transmitted with application of appropriate timing advance (TA) to compensate for the propagation delay between the UE and the gNB receiver, so that the transmissions from different UEs in the cell arrive at the gNB receiver with a relative timing offset that is within the cyclic prefix (CP).
For asynchronous scenario, UL NOMA signal may not be transmitted with the application of an active TA. Such cases can be expected in the context of grant free UL NOMA transmissions from UEs that may not have an active TA, e.g., transmissions from UEs without performing a random access (RA) handshake procedure. Note that such cases are important considering the potential benefits in avoiding a multi-step RA procedure for mMTC UEs with infrequent traffic pattern comprising of small packet transmissions in terms of device battery lifetime and meeting the latency requirements. The benefits in reducing access latency may also be applicable to certain eMBB use cases. 
For this asynchronous scenario, it can be assumed that UEs acquire DL synchronization and transmit UL packets based on the DL reference time. However, depending on deployment scenario and UE locations in the network, timing arrival difference among UEs at the gNB receiver can be different. It is more appropriate to define and model timing offsets for transmissions from a UE to its serving cell in the link level simulation to analyze the impact. 
As discussed in [2], based on the statistics obtained from system-level simulations, timing offsets between different UEs’ signals at the gNB receiver can be modelled by considering random timing offsets for each UE to gNB link, wherein the timing offset follows a Rayleigh distribution with certain variance corresponding to the assumption of the deployment scenario (i.e., Rural or Dense Urban). 
Proposal 1
· For asynchronous transmission, timing offset is modeled as Rayleigh distribution as given in [2].

Random selection procedure for MA signature
In RAN1#93, we have identified that random selection of MA signature could be considered for NOMA grant-free operation and we further need to discuss how the potential NOMA gain is under grant-free transmission with random selection of MA signatures, where collision of MA signature should be considered.
Random selection procedure is reasonable approach not only for the 2-step RACH scenario but also for the connected mode grant free operation with NOMA when the data packet transmission is bursty and the inter-arrival time is sufficiently large. For the former case, there is no way to configure MA signature for each UE and random selection of MA signature is the most promising way to apply NOMA for data channel. For the latter case, by applying random selection of the MA signature not by applying dedicated MA signature for each user, multiplexing gain can be increased a lot especially there are large number of potential UEs inside a same resource pool.
For the evaluation of random selection procedure in LLS, we need to see how much collision happens and how much impact the collision leads to in the performance. This collision highly depends on how many UEs are assumed for the same resource pool and how many users have packets for transmission at the same time based on their traffic status. Therefore, for more accurate assessment of the collision impact, it is better to use more practical model for LLS, which is based on the traffic model evaluation.
The LLS setup for random selection may have the following steps
1. Define the total number of UEs that are sharing the same time-frequency resource
2. At each slot, some UEs transmit data and other UEs do not transmit depending on the traffic model of each UE
3. For the transmission of data, each UE chooses MA signature randomly among the defined set of MA signatures
4. The UE also chooses DMRS ports for the data channel 
· There can be 1-1 mapping between MA signature and DMRS ports
5. gNB performs receiver algorithm by differentiating signals from different users utilizing chosen MA signatures

For the traffic model, the simplest way is to assume the same traffic model we have assumed for SLS but the small size of packet is preferred for reducing the evaluation running time. 
Proposal 2
· Traffic model is assumed for the link-level evaluation of random selection of MA signature

Initial LLS results: BLER vs SNR
We provide some initial LLS results with multi-user assumption for some scenarios as shown in Table 1 based on the evaluation assumption given in Table 5. 
[bookmark: _Ref521538527]Table 1 LLS results for multi-user case
	
	TDL-A 30ns
	TDL-C 300ns

	eMBB 
(40 Bytes)
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	mMTC 
(CP OFDM, 20Bytes)
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	mMTC 
(DFT-S-OFDM, 20Bytes)
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Observation 1	
· LCRS supports up to 12 users (potentially more users) for mMTC scenario with 20 bytes TBS and eMBB scenario with 40 bytes TBS


Initial LLS results: PAPR

This section provides and discusses PAPR evaluation results for LCRS and spreading based NOMA schemes for OFDM and SC-FDMA waveform, including spreading based NOMA schemes with Hadamard code, MUSA [3], NCMA (N=4, K=8) [4] and RSMA with 1 layer [5]. In the simulations, it is assumed 10MHz carrier bandwidth, 6 PRBs allocated for NOMA transmission and spreading factor of 4 for spreading based NOMA schemes.
Figure 1 illustrates PAPR comparison between different NOMA schemes with OFDM and DFT-s-OFDM waveforms, respectively. In the simulations, it is assumed that the same spreading sequence is applied for all modulated symbols in the frequency domain. Further, PAPR value is obtained based on an average of PAPR values from all spreading sequences. From the figure, it can be observed that spreading based NOMA scheme including MUSA and NCMA with frequency domain spreading using same spreading sequence increases PAPR significantly for OFDM waveform. In particular, 1.5dB PAPR increase for MUSA and NCMA schemes can be observed compared to LCRS scheme. In addition, for DFT-s-OFDM waveform, MUSA and NCMA can achieve similar PAPR performance as LCRC scheme. Further, it can be seen that PAPR performance between LCRS and RSMA with 1 layer is very close for both OFDM and DFT-s-OFDM waveform. 
 [image: ]
[bookmark: _Ref521671938]Figure 1: PAPR comparison between different NOMA schemes: OFDM and DFT-s-OFDM waveforms
 
Observation 2	
· For OFDM waveform, spreading based NOMA scheme with frequency domain spreading using same spreading sequence increases PAPR substantially.  

System level evaluation
This section discusses remaining issues for NOMA SLS evaluation assumption. We also provide SLS calibration results based on agreed assumption.

SLS assumption for calibration
It was agreed some of the parameters for the SLS calibration in RAN1#93 as given in Table 2. However, there are some additional parameters which need to be characterized for the accurate calibration as given in Table 3. It is proposed to agree on this additional parameters at least for the calibration purpose.
[bookmark: _Ref521532718]Table 2 System-level assumptions for calibration purpose
	Parameters
	Case 1
	Case 2
	Case 3

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	1732m 
	500m 
	200m

	Carrier frequency
	700MHz
	700MHz
	4GHz

	Channel model
	UMa in TR 38.901

	UE Tx power
	Max 23 dBm

	BS Tx power
	Max 46 dBm

	BS antenna configurations
	2 ports: (M, N, P, Mg, Ng) = (10, 1, 2, 1, 1), +-45 Polarization
dH = dV = 0.8λ;

	BS antenna downtilt
	92
	98
	102

	BS antenna height
	25m

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

	BS receiver noise figure
	5dB

	UE antenna configuration
	1

	UE antenna height
	Follow the modelling of TR 38.901

	UE antenna gain
	0dBi

	UE distribution
	Follow the evaluation assumptions

	UE power control
	Open loop PC, P0 = [-90] dBm, alpha = 1.

	HARQ/repetition
	1

	UE attachment
	Refer to 36.873



[bookmark: _Ref521532809]Table 3 Additional parameters for system-level calibration
	Parameters
	Assumptions

	TXRU mapping to antenna elements on BS side
	One TXRU per vertical dimension per polarization

	TXRU mapping weights  on BS side
	TXRU virtualization only in the vertical dimension (i.e. 1D virtualization) using DFT, i.e., 1D sub-array partition model defined in TR36.897

	BS Tx power
	For 200m/500m/1732m: 46dBm

	Polarized antenna modelling
	Model-2  in TR36.873

	Bandwidth
	10MHz

	UE antenna configuration
	1 (vertical polarization)

	UT array orientation
	uniformly distributed on [0,360] degree

	UE receiver noise figure
	9dB

	UE distribution
	20% Outdoor: 3km/h,
80% Indoor: 3km/h

	Wrapping method
	Geographical distance based

	UE attachment
	Option1: Based on pathloss considering LOS angle, fast fading channel is not modelled



Proposal 3
· Parameter assumption in Table 3 to be used for SLS calibration

SLS calibration results
This section provides the SLS calibration results including DL geometry and coupling loss based on the assumptions of Table 2 and Table 3.
Table 4 SLS calibration results
	
	Geometry
	Coupling Loss

	Case 1
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	Case 2
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	Case 3
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Conclusions
In this contribution, we discussed remaining issues for link-level and system-level evaluation methodologies for NOMA study and provided some initial results. Based on the discussions presented, we summarize our views through the following proposals:
Observation 1	
· [bookmark: _GoBack]LCRS supports up to 12 users (potentially more users) for mMTC scenario with 20 bytes TBS and eMBB scenario with 40 bytes TBS

Observation 2	
· For OFDM waveform, spreading based NOMA scheme with frequency domain spreading using same spreading sequence increases PAPR substantially.  

Proposal 1
· For asynchronous transmission, timing offset is modeled as Rayleigh distribution as given in [2].

Proposal 2
· Traffic model is assumed for the link-level evaluation of random selection of MA signature

Proposal 3
· Parameter assumption in Table 3 to be used for SLS calibration
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Annex: Evaluation assumption
[bookmark: _Ref521540669]	Table 5 LLS evaluation assumption
	Parameters
	mMTC
	URLLC
	eMBB

	Carrier Frequency
	700 MHz
	700 MHz or 4 GHz 
	4 GHz, 700 MHz as optional

	Waveform 
(data part)
	CP-OFDM and DFT-s-OFDM
	CP-OFDM as starting point
	CP-OFDM as starting point

	Channel coding
	URLLC: NR LDPC
eMBB: NR LDPC 
mMTC: NR LDPC

	Numerology 
(data part)
	SCS = 15 kHz, #OS = 14
	Case 1: SCS = 60 kHz, #OS = 7 (normal CP), optionally 6 (ECP)
Case 2: SCS = 30 kHz, #OS = 4

	SCS = 15 kHz
#OS = 14

	Allocated bandwidth
	6 as the starting point
	12 as the starting point
	12 as the starting point

	TBS per UE
	At least five TBS that are [10, 20, 40, 60, 75] bytes. Other values higher than 10 bytes are not precluded.
Lower than 0.1 bits/RE is optional
	At least five TBS that are [10, 20, 40, 60, 75] bytes. Other values higher than 10 bytes are not precluded.
	At least five TBS that are [20, 40, 80, 120, 150] bytes. Other values higher than 20 bytes are not precluded.

	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
	2 Rx or 4 Rx for 700MHz,
4Rx or 8 Rx for 4 GHz 
8Rx as optional

	UE antenna configuration
	1Tx  

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

	Max number of HARQ transmission
	1 as starting point. 
	1 as starting point. More values, 2 for URLLC can be used.
	1 as starting point.

	Channel estimation
	Ideal channel estimation results should be reported for calibration

Realistic channel estimation

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

	Distribution of avg. SNR
	Both equal and unequal

	Equal
	Both equal and unequal

	Timing offset
	0 as starting point. For grant-free without perfect TA, value is TBD

	Frequency error
	0 as starting point. The value(s) is TBD. 

	Traffic model for link level
	Full buffer as starting point. Non-full-buffer model (like Poisson arrival of fixed packet size) is optional.

	For link level calibration purpose only
	OMA single user whose spectral efficiency is the same as per UE SE in NOMA. AWGN curves can be provided also.
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