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This contribution summarizes companies’ views based on the contributions submitted to RAN1#93 meeting, on the remaining issues of evaluation assumptions for NOMA study.
Remaining issues on SLS
Evaluation methodology and performance metrics
	Company
	Views

	ZTE
	For mMTC, the baseline for performance comparison can be UL transmission without grant (including dynamic grant and semi-static grant in existing grant-free operation), where DMRS collision should be considered.
For eMBB, the baseline for performance comparison for grant-free NOMA can be UL transmission without grant (including dynamic grant and semi-static grant in existing grant-free operation), where DMRS collision should be considered; the baseline for performance comparison for grant-based NOMA can be MU-MIMO.
For mMTC and eMBB performance metric 1, the packet drop rate (PDR) can be 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”, and the packet dropping timer is defined as [x]s. The value of “x” can be set to e.g. 1 considering the packet size is not large and normal coverage is focused currently.

	Huawei
	A packet will be dropped if this packet fails to be successfully received at the destination within the “packet dropping timer” or it reaches the “max number of (re-)transmissions”. Note the waiting time of a packet in the queue before its transmission should also be counted in the total latency.
To identify the UE activity among GF transmissions, the pre-configuration of UE specific DMRS and the DMRS based UE activity detection are assumed in the current NR Rel-15 GF transmissions, which can be reused in the NoMA SLS evaluation. In the case that the number of potential UEs configured onto the same GF configuration exceeds the number of DMRS ports supported in NR, new design to extend the DMRS ports needs to be discussed.
The simplified SLS evaluation methodology of estimating the average BLER of the UE to represent the actual average packet drop rate of the UE can be considered for URLLC scenario.
Use the method agreed in Rel-14 NR SI for PHY abstraction in the NoMA SLS evaluations and companies should provide verification curves as intermediate results.

	Ericsson
	The TR 38.802 packet drop rate metric is interpreted as an outage requirement of 1%, implying that the connection density (number of generated packets) should be provided at the point where 99% of all users are served by the system.
A packet dropping timer should be started when upper layers triggers an attempt to access the system for the purpose of initiating a data transfer. The timer is terminated when the data has been delivered by the receiver.
The packet drop timer is to be declared and service latency performance is to be presented when presenting the achieved connection density.

MU-MIMO is a suitable baseline for
· When used with or without non-linear receivers 
· Both Rel-15 configured and dynamic grant based scheduling


	Intel
	Packet drop rate 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 received by destination receiver beyond “packet dropping timer”.
For mMTC, the baseline for performance comparison is grant free uplink transmission, random selection of MA signature and resource can be considered.
For eMBB, the baseline for performance comparison is both grant based and grant free uplink transmission (using configured grant type 1 or type 2).

	Nokia
	For NOMA for grant-free, the baseline scheme for comparison could be Rel.15 grant-free with advanced receiver.
If NOMA for grant-based is to be evaluated, the baseline scheme for comparison should be UL MU-MIMO.
Same PHY abstraction methods agreed in Rel.14 are reused in Rel.15 NOMA evaluation.

	InterDigital
	Use a channel estimation error model for DMRS collisions

	NTT DOCOMO
	For mMTC/eMBB, the packet dropping is defined by packet dropping timer. The timer is set to 1s as the starting point.
For eMBB, both grant-based and Rel-15 NR grant-free schemes can be used as the baselines as the starting point. FFS Rel-14 grant-free schemes.

	Qualcomm
	For the performance evaluation of NR NOMA for eMBB and URLLC, grant-based NR MU-MIMO with a scheduling restriction to model downlink control channel capacity constraints should be considered as a baseline. A limit on the number of simultaneously scheduled UEs based on the system bandwidth can be considered as the scheduling restriction for this purpose.
For eMBB small payload use case, downlink control signalling overhead should be included as one of the performance criteria. The number of UEs scheduled in each slot at each gNB can be used as the performance metric representing the signalling overhead for grants.
For the system-level evaluation of NR NOMA for TDD systems, the TDD configuration used for eMBB small payload use case needs to be modelled and reported to account for the resulting impact on latency.
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Traffic model

	Company
	Views

	ZTE
	For mMTC, higher layer protocol overhead can be confirmed to 29 bytes for evaluation purpose, and the protocol overhead below higher layer need to be clarified for alignment (for example, the header overhead for PDCP, RLC, MAC and the CRC overhead can be 1 byte, 1 byte, 1 byte and 2 bytes respectively).
For URLLC, FTP model 3 with Poisson arrival can be used, and the packet size can be set to 50 bytes.
For eMBB, FTP model 3 with Poisson arrival can be used, and the following two options can be considered for the packet size of the traffic model:
· Option 1: the packet size distribution is a Pareto distribution with shape parameter alpha = 2 and minimum packet size = 40 bytes, and with a cut off of 600 bytes i.e. packet sizes higher than 600 bytes are assumed to be 600 bytes. The packet size generated already includes the higher layer protocol overhead.
· Option 2: the packet size distribution is a Pareto distribution with shape parameter alpha = 1.5 and minimum packet size = 40 bytes, and with a cut off of 600 bytes i.e. packet sizes higher than 600 bytes are assumed to be 600 bytes. The packet size generated already includes the higher layer protocol overhead.

	Huawei
	For the SLS evaluation in the URLLC scenario, it is needed to consider a few typical fixed packet sizes in between 32~100 bytes and both Poisson and periodic traffic arrivals as starting point for the traffic modelling.
For the SLS evaluation in the eMBB scenario, it is suggested to evaluate the packet size in range of 100~250 bytes with either typical fixed values or variable packet sizes with Pareto distribution.

	Ericsson
	Observations:
· URLLC use cases can be realistically modelled with periodic packet arrivals, in contrast to other use cases.
· Poisson arrivals are also realistic for URLLC
· Packet sizes of 50 and 200 bytes seem reasonable for URLLC
· UEs in a simulation should be able to transmit either 50 or 200 bytes to reflect some variation among UE applications in a cell

Proposal:
For NOMA URLLC, traffic is modelled as follows:
· Packet arrival per UE is either periodic or Poisson
· Each packet can be either 50 or 200 bytes (to reflect some variation among UE applications in a cell)
· Average packet arrival rate is no greater than 10 Hz
· Average connection density over the cell is at most 0.01 UE / m2 

There has been insufficient time to develop the use cases and traffic models for eMBB with small packets.

	CATT
	The traffic model below is used for NOMA evaluations in URLLC scenario as a starting point:
· Packet arrival per UE: Poisson arrival with arrival rate λ;
· Packet size: 32 bytes + higher layer protocol overhead of [29] bytes
Aperiodic traffic with packet size derived from light background traffic in 36.822 is used as a starting point for NOMA evaluations in eMBB scenario.


	Intel
	Traffic model for eMBB: both FTP Model 3 and periodic packet arrivals with packet size [20, 80, 150] bytes.
Traffic model for URLLC: both FTP Model 3 and periodic packet arrivals with packet size [10, 40, 75] bytes.

	Samsung
	For eMBB with small packet, FTP model 3 can be used to emulate the realistic traffic and to simplify the evaluation. In order to differentiate the case of mMTC, within kBytes for eMBB evaluation can be considered.
For URLLC scenario, the evaluation assumption in Rel-14 SI can still be reused. FTP model 3 and periodic packet arrivals with packet size 32, 50, 200 bytes should be used.


	NTT DOCOMO
	For URLLC/eMBB, non-full buffer FTP traffic model 3 can be used as the starting point.

	Qualcomm
	The following traffic models should be considered and prioritized in NR NOMA SLS:
· eMBB: FTP model 3, small packet size;
· URLLC: FTP model 3, small packet size (e.g. 32 bytes);
· mMTC: as specified in 45.820
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Evaluation assumptions

	Company
	Views

	ZTE
	To adopt the parameters in the following table II for system-level evaluations for NOMA study.
Table II: System-level evaluation assumptions
	Parameters
	mMTC
	URLLC
	eMBB

	Inter-BS distance
	1732m 
	500m
	200m

	Carrier frequency
	700MHz
	4GHz or 700MHz
	4GHz

	Simulation bandwidth
	6 PRBs as starting point
	12 PRBs
	12 PRBs

	Channel model
	UMa in TR 38.901;
The building penetration model defined in Table 7.4.3-3 in TR 38.901 is used for frequencies below 6 GHz.

	UE distribution
	For mMTC:
20% of users are outdoors (3km/h), 80% of users are indoor (3km/h); Users dropped uniformly in entire cell

For URLLC:
4GHz: 80% of users are outdoors (3km/h), 20% of users are indoor (3km/h); or 100% of users are outdoor (3km/h);
700MHz: 20% of users are outdoors (3km/h), 80% of users are indoor (3km/h); 
Users dropped uniformly in entire cell

For eMBB:
20% of users are outdoors (3km/h), 80% of users are indoor (3km/h); Users dropped uniformly in entire cell




	Huawei
	For the SLS evaluation in the mMTC scenario, it is suggested to revise the UE distribution to ensure 0% of the UEs has coupling loss larger than 144dB:
(1) 1732m ISD 80% outdoor, 20% indoor
(2) 500m ISD 20% outdoor, 80% indoor

For the SLS evaluation in the URLLC scenario, it is needed to 
–Support both 4GHz and 700MHz as candidate carrier frequencies, and at least support 200m ISD for 4GHz and 500m ISD for 700MHz.
–Consider multiple options of UE distribution, e.g., both 80% outdoor + 20% indoor and 20% outdoor + 80% indoor.
(1) 4GHz, 200m, 20% outdoor + 80% indoor
(2) 700MHz, 500m, 80% outdoor + 20% indoor


	CATT
	It is proposed to confirm the UE distribution for mMTC to be 20% outdoor UEs and 80% indoor UEs.

	InterDigital
	It can be observed that only a small percentage of UEs (<5%) have a CL larger than 144 dB.
It can be observed that downtilt values below 100 degrees are satisfactory.
Use a fixed downtilt value as a baseline; additional values are considered optional.

	Qualcomm
	For NOMA system-level evaluation, the following system bandwidth should be used:
-MMTC: 5 MHz
-URLLC: 20 MHz
-eMBB: 80 MHz

The fraction of indoor (outdoor) users for mMTC scenario system simulations can be set to 20%.




Any comments?
	Company
	View

	
	

	
	




Remaining issues on LLS

	Company
	Views

	ZTE
	

Let us denote the error of the realistic channel estimation compared to the ideal channel estimation as  modeled as a Gaussian distributed random variable [2] with the mean value of 0 and the variance as . 




In the above formula, SNR is the ratio of the instantaneous fading channel gain versus the noise power. Ns is the number of samples needed for single channel estimation value.

	Huawei
	Timing offset is considered to model the grant-free transmissions without accurate TA values. Some companies want to consider the case of data transmission without any TA adjustment. However, the usage scenario for this case is quite uncertain and the related procedures are actually in the scope of RAN2. In this case, we would suggest to consider the case of synchronized transmission where TA adjustment is at least available once for a while so that the timing offset is less than CP. 
While for the modelling of frequency offset, uniform distribution between [-x, x] ppm can be considered, where the value x depends on the hardware capability of the UEs.
For fair comparison, the received power should be the same for each UE. One approach is to define the SNR as the mean received power per RE over the total bandwidth divided by the noise power per RE, as following


	Ericsson
	Link-level evaluation assumptions should be updated according to Table 1.
[bookmark: _Ref502132553]Table 1: Updates to link level simulation parameters from RAN1#92
	Parameters
	Values or assumptions

	CRC
	16 bits, added on top of TBS sizes, e.g. for MMTC resulting in [12, 22, 42, 62, 77] byte payloads

	UE antenna configuration
	1Tx; 2 Tx may be used for URLLC

	Power Control
	Imperfect power control with uniform distribution between [-5, +5]dB

	Frequency Error
	70 Hz for 700MHz carrier frequency
140Hz for 4GHz carrier frequency

	Timing Error
	uniform distribution within [0 CP/3]

	HARQ processes
	1, 4 for mMTC & eMBB; 1,2 for URLLC




	Intel
	Average SNR deviation a = 3. 
Both synchronous and asynchronous transmission for UL NOMA can be considered. For asynchronous transmission, further investigate timing offset values and distribution.

	InterDigital
	A simple model for channel estimation error based on a training pattern is discussed, where the estimation error can be modeled with a Gaussian model,

.  

In this model, the variance is defined as , where SNR and NTR are the operating SNR point and the multiplicity of the training samples. Alternatively, this approach can be used to model a fixed dominant source of error, i.e., large quantization, other impairments, etc. 

	NTT DOCOMO
	Confirm the current assumption a = 3 for unequal SNR distribution.
Take synchronous cases (timing offset less than CP) as the starting point. Companies can report related setting of proposed asynchronous cases and corresponding results. Companies can report the value of frequency offset if non-zero values are applied.
The supportable overloading and spreading factor should be considered as one metric for configuration and scheduling flexibility.
The collision reduction capability should be considered as one metric for configuration and scheduling flexibility.

	Qualcomm
	NR NOMA should support GF transmission in both RRC_CONNECTED and RRC_INACTIVE states, which correspond to different modes of MA signature selection and synchronization. 
In RRC_INACTIVE state, GF NOMA needs to consider:
· 2-step RACH without timing advance operation. The timing offset for 2-step RACH is in the range of  [0, RTDmax + τrms], where RTDmax and τrms denote the max round trip delay and root mean square delay spread, respectively;
· random selection of MA signature;
In RRC_CONNECTED state, GF NOMA needs to consider:
· synchronized mode with timing advance;
· MA signature selection similar to the semi-static DMRS sequence assignment in Type I/II GF of Rel-15 NR.

NR MU-MIMO should be considered as a baseline in evaluating and comparing the link level performance of NR NOMA.

To align the performance of different transmission schemes, it is necessary to unify the definition of average SNR per UE by normalizing the received power with UE-specific resource utilization factor. 

The evaluation and comparison of different Tx/Rx schemes should be conducted with realistic modelling of link level impairments, including:
· large timing offset beyond the normal CP (see Proposal 1 for the range)
· frequency offset of 50Hz or 0.1 ppm.
· PC errors in the range of [-5, 5] dB.
· realistic channel estimation.

[bookmark: _Hlk513830943]The following update of LLS parameters needs to be considered:
· DMRS overhead
· for mMTC and eMBB, a DMRS overhead of 1/7 should be considered as the starting point for slot with 14 OFDM symbols;
· for URLLC, DMRS overhead of 1/4 should be considered as the starting point for mini-slot with 4 OFDM symbols.
· URLLC
· NOMA simulation for URLLC should be aligned with the URLLC study in NR;
· mini-slot configuration with SCS 30 kHz, 4 OFDM symbols and normal CP should be prioritized;
· the BLER target for 1st transmission should be 10%, at least for grant free operation;
· for performance comparison with different numerology, the BW requirement should be aligned. For example, 12 RBs with 60 kHz SCS occupies the same bandwidth as 24 RBs with 30 kHz SCS.

Definition of SNR
[bookmark: _Hlk513813940]If the frequency resource utilization factor is considered, the average SNR can be defined by , where
· TX side
· each RU spans  Hz in frequency domain;
· parameter  measure frequency resource utilization factor, which is 50% and 100% for Case A (sparse frequency mapping) and Case B (dense frequency mapping), respectively;
· transmit power over 4 RUs are the same for Case A and B, i.e.
· 
· RX side
· noise power per RU is a constant, say N;
· same pathloss and antenna gains, say ;
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Performance evaluation
Calibration of OMA reference
The calibration of OMA reference for single user has been discussion through offline email discussion. 
Collection of evaluation results
According to the work plan, performance comparison should be discussed in RAN1#94 meeting, it would be better to collect the evaluation results through email discussions.
Summary of offline proposals
Proposal 1: 
· 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 Rel.14 NR SI.
· 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 Rel.14 NR SI.

Proposal 2: 
· 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 1s as the starting point.
· “maximum number of HARQ transmission(s)”
· 1 and 8 as starting point
· The HARQ timing is FFS

Proposal 3: 
· Simplified system-level evaluations can be used for URLLC scenario
· 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.

Proposal 4: 
· PHY abstraction methods agreed in TR38.802 (Rel-14) can be reused as the starting point.
· Note: Further considerations can be reviewed.

Proposal 5: 
· 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.


Proposal 6: 
· 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, downselect from
· Option 1: 500m ISD, 20% of users are outdoors (3km/h), 80% of users are indoor (3km/h).
· Option 2: 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


Proposal 7:
· For calibration of the CDFs of coupling loss and geometry averaged over two antenna ports.
· Use the assumption in the following Table.
Table 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 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 = -100 dBm, alpha = 1.

	HARQ/repetition
	1

	UE attachment
	Refer to 36.873




Proposal 8: 
· 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.
· Timing offset for grant-free without perfect TA for link-level simulation
· To be determined by the conclusion in 7.4.3.

Proposal 9: 
· 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.

Proposal 10: 
· 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

Proposal 11: 
· 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.

Proposal 12: 
· Continue email discussion to align the calibration results of OMA reference.

	Implementation assumptions
	Values

	LDPC decoding algorithm
(e.g. MaxLogMAP or LogMAP, fully parallel or row parallel)
	Companies report

	Number of LDPC decoding iteration
	50 for flooding 
25 for layered

	Modulation for 10/20 bytes
	QPSK

	Modulation for 75/150 bytes
	QPSK

	Channel Estimation
	Ideal

	Channel Model
	AWGN, TDL-A with 30ns (3km/h), TDL-C with 300ns (3km/h), no spatial correlation
Initialize channel realization at each slot

	Total number of slots
	1000 for eMBB/mMTC AWGN
10000 for eMBB/mMTC fading channel

[50000] for URLLC AWGN
[100000] for URLLC fading channel

	System bandwidth
	10 MHz



Proposal 13: 
· Email discussion for the templates of reporting the link-level evaluation results.
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Appendix 1 Agreements on SLS
RAN1 #92bis meeting
Agreements:
· Adopt the parameters in the following table for system-level evaluations of NOMA study
Table I: System-level evaluation assumptions
	Parameters
	mMTC
	URLLC
	eMBB
	Further specified values

	Layout
	Single layer - Macro layer: Hex. Grid
	

	Inter-BS distance
	[1732]m 
	[500m]
	200m
	

	Carrier frequency
	700MHz
	[4GHz. 700MHz]
	4GHz
	

	Simulation bandwidth
	[6] PRBs
	12 PRBs
	12 PRBs
	

	Number of UEs per cell
	Companies report
	

	Channel model
	UMa in TR 38.901
	

	UE Tx power
	Max 23 dBm
	

	BS antenna configurations
	2 Rx or 4 Rx for 700MHz;

2 ports: (M, N, P, Mg, Ng) = (10, 1, 2, 1, 1), 2 TXRU;
4 ports: (M, N, P, Mg, Ng) = (10, 2, 2, 1, 1), 4 TXRU;
dH = dV = 0.5λ;
BS antenna downtilt: companies to report, FFS a single value

4 Rx or 16 Rx for 4GHz;

4 ports: (M, N, P, Mg, Ng) = (10, 2, 2, 1, 1), 4 TXRU;
16 ports: (M, N, P, Mg, Ng) = (10, 8, 2, 1, 1), 16 TXRU;
dH = 0.5λ, dV = 0.8λ;
BS antenna downtilt: companies to report, FFS a single value
	

	BS antenna height
	25m
	

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

	BS receiver noise figure
	5dB
	

	UE antenna configuration
	1Tx as starting point
	

	UE antenna height
	Follow the modelling of TR 38.901
	

	UE antenna gain
	0dBi as starting point
	

	UE distribution
	For mMTC: 
[20%] of users are outdoors (3km/h), [80%] of users are indoor (3km/h); Users dropped uniformly in entire cell
Companies are encouraged to check whether the percentage of UEs whose CL > 144 dB is significant (e.g., 5%) and the CDF of the CL. Further discuss the percentage of outdoor UEs, to be finalized in May meeting.

For URLLC 
[20%] of users are outdoors (3km/h), [80%] of users are indoor (3km/h); Users dropped uniformly in entire cell

For eMBB
20% of users are outdoors (3km/h), 80% of users are indoor (3km/h); Users dropped uniformly in entire cell
	

	UE power control
	Open loop PC for mMTC. Companies report the PC mechanisms used for eMBB and URLLC. 
	

	HARQ/repetition
	Companies report (including HARQ mechanisms).
	

	Channel estimation
	Realistic
	

	BS receiver
	Advanced receiver, with baseline scheme is MU-MIMO (e.g., has the capability of spatial differentiation)
Companies to provide analysis of complexity between baseline vs. advanced receivers
	

	Packet dropping criterion
	
	
	
	


Note: other values can be considered.

Agreements:
· The traffic model below is used for NOMA evaluations in mMTC scenario:
· Packet arrival per UE: Poisson arrival with arrival rate λ;
· Packet size: 20~200 bytes Pareto + higher layer protocol overhead of [29] bytes, as defined in TR 45.820 to be the starting point
· Other packet sizes are not precluded.
· The traffic model for NOMA evaluations in URLLC scenario is to be decided in May meeting.
· The traffic model for NOMA evaluations in eMBB scenario is to be decided in May meeting. 

Agreements:
· Adopt the following performance metrics for NOMA study from system level point of view.
For mMTC
· Focus on normal coverage.
· The performance metrics for mMTC include the following:
· Higher layer packet drop rate (PDR) vs. offered load. The definition of PDR is FFS:
· Offered load can be at least 
· Higher layer packet arrival rate (PAR) per cell for massive connectivity
· CDF of packet drop rate per UE is optional.
· CDF of transmission latency is optional.
· CDF of the inter-cell interference-over-thermal (IOT) is optional.
· Note: companies are encouraged to provide the curve of resource utilization (RU) vs. offered load.

For URLLC
· The baseline for performance comparison is UL transmission without dynamic link adaptation (i.e., using configured grant type 1 or type 2)
· The performance metrics for URLLC include at least the following:
· Percentage of users satisfying reliability and latency requirements vs. packet arrival rate (PAR).
· CDF of reliability per UE is optional.
· CDF of the inter-cell interference-over-thermal (IOT) is optional.
· Note: companies are encouraged to provide the curve of resource utilization (RU) vs. PAR. 
For eMBB
· The performance metrics for eMBB include the following:
· Metric 1: Higher layer packet drop rate (PDR) vs. offered load. The definition of PDR is FFS:
· Offered load can be at least 
· Higher layer packet arrival rate (PAR) per cell
· CDF of packet drop rate per UE is optional.
· CDF of transmission latency is optional.
· CDF of the inter-cell interference-over-thermal (IOT) is optional.
· Note: companies are encouraged to provide the curve of resource utilization (RU) vs. offered load. 
· Metric 2: UPT vs. offered load. 
· CDF of the inter-cell interference-over-thermal (IOT) is optional.
· CDF of UE perceived throughput is optional
· FFS whether or not to have signalling overhead as one performance metric

Appendix 2 Agreements on LLS
RAN1 #92 meeting
Agreements:
· Adopt the parameters in the following table for link-level evaluations of NOMA study.
[bookmark: _Ref505757384]Table: Link-level evaluation assumptions
	Parameters
	mMTC
	URLLC
	eMBB
	Further specified values

	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
	The choice of channel coding here is only for the performance evaluation purpose for NOMA study

	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
	For high payload such as 75 bytes, larger number of RBs can be considered.

	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.
	#bits per RE calculation does not include DMRS overhead (e.g., REs of one every 7 symbols for DMRS would not be used to carry the data)


	Target BLER for one transmission
	10%
	0.1%
	10%
	

	Number of UEs multiplexed in the same allocated bandwidth
	To be reported by companies.
	Companies are encouraged to perform evaulations with various number of UEs
Note: refined set of numbers of UEs should be further discussed in the next meeting. 

	BS antenna configuration
	2 Rx or 4 Rx for 700MHz,
4Rx or 8 Rx for 4 GHz 
8Rx as optional
	CDL model in 38.901 should be considered for 8Rx

	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
	Proponents report the details of  random MA signature allocation (whether without or with collision)

	Distribution of avg. SNR
	Both equal and unequal
	Equal
	Both equal and unequal
	Uniform discrete values for unequal case,, range [x - a, x + a] (dB) with 1 dB step, where x is the average SNR among UEs, and the deviation  [a=3]

	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.
	


Note: for the case when a parameter has a “OR” condition, companies are encouraged to evaluate all the corresponding values

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



RAN1 #92bis meeting
Agreements: Further clarify the LLS parameters:
· For ideal channel estimation, DMRS overhead is 1/7 for #OS 7 and 14, and 1/4 for #OS 4.
· For a=[3], companies are encouraged to check RAN4 power control rerquirements  aim to conclude in RAN1#93
· FFS timing offset for grant-free without perfect TA, 
· FFS frequency offset 
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