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This contribution summarizes companies’ views on NOMA SLS.
Remaining issues on LLS 
LLS calibration 
The calibration results collected through the email discussion can be found in R1-1808160. 
The following observations and proposals can be made from the calibration results:
Observation 1: Majority curves are well aligned for both decoding algorithms, i.e. deviation is less than 0.5dB for 10/20 bytes and less than 1dB for 75/150 bytes.
Observation 2: OMA single user reference with log_BP performs better than min_sum for AWGN cases. Those differences become less for the cases with fading channel.
Observation 3: For min_sum decoder, the deviation of companies’ results may be caused by different implementations such as scaled factor, offset value, or layered method.
Observation 4: For log_BP decoder, the deviation of companies’ results may be caused by different implementations such as channel equalization or noise estimation.

Proposal 1: 
· Adopt the calibration results in R1-1809790, to be captured in TR38.812.
· Further update is possible 
· Further alignment on the decoding algorithm for NOMA evaluations can be considered in the future, if necessary.


LLS template
During the email discussion, the spreadsheets attached in R1-1808159 can be adopted as the template for collecting the evaluation results, with the following clarifications and updates made in the companion spreadsheets.
Proposal 2: 
· An exemplary list of simulation cases are included in the companion spreadsheet ‘template 1’ in R1-1809789, for initial collection of BLER vs. SNR curves.
· Companies can select among the list of simulation conditions in templates 1 & 2 when performing initial link level simulations
· Companies are encouraged to simulate enough cases to support a broad understanding for scenarios under study in NOMA
· Additional simulation cases may be captured in template 1.
· For unequal SNR distribution within range [x - a, x + a] (dB), per UE SNR is the average SNR in dB, i.e. x (dB)
· It is FFS how to draw conclusions/observations based on LLS (results in template – 1,2,3), SLS, and other aspects.

Proposal 3: 
· Adopt the companion spreadsheet ‘template 2’ in R1-1809789 as the template for collecting the initial evaluation results of per UE SNR at the target BLER level (in addition to BLER vs. SNR curve).

Proposal 4: 
· [bookmark: _GoBack]CM/PAPR results as proposed for ‘template 3’ in R1-1809789 can be collected
· It is FFS how the CM/PAPR relates to UE performance tradeoffs, PA backoff, and UE power saving
· It is FFS how to compare the CM/PAPR results using this template,  e.g. modulation order should be aligned or not
· PAPR is reported as the CCDF of instantaneous power divided by mean power over all the samples.



There are still some remaining issues which cannot be reached as consensus during the email discussion. Companies’ views are collected as follows and it is suggested to have further discussion in RAN1#94.




1) Example number of UEs listed in “Template -1 and 2”
Proposal:
· Example numbers of UEs listed in “Template -1” are to be confirmed in RAN1#94.

2) Realistic modeling of SNR distribution
Proposal 5:
· Refine the relative SINR/INR values used for link level simulations to reflect those observed in a cell, if needed
· The extent of the refinement, if any, is to be determined according to evaluations.

3) Clarification on the metric of sum throughput
Proposal 6:
· For performance metric of Sum throughput v.s. SNR at given BLER level, for a given pair of {per UE SE, # of UEs}
· Same TBS is assumed for each curve
· Total SNR is used
· For unequal SNR distribution, total SNR is simplified as sum of average SNR conducted in dB, i.e. x+10*log10(N) (dB), where N is the number of UEs.

4) Clarification on the MCL and UL coverage
Proposal 7: 
· It is necessary to check the UL coverage and make sure it is within the range of normal cell coverage 
· FFS how to check the UL coverage for NOMA and how the normal cell coverage is defined, e.g.based on coupling loss

Remaining assumptions
There are still some LLS evaluation assumptions in the square brackets. Based on the reviewing of contributions submitted to RAN1#94, the following are proposed.
1) SNR distribution for unequal cases
Proposal 10: 
· For the SNR distribution for unequal case, select one option from
· Option 1: keep the current working assumption, a = 3.
· Option 2: a = 3 or 5. 
· companies are encourage to provide results with a = 5, in addition to a = 3
2) Frequency offset
Proposal: 
· Confirm frequency offset for 4GHz carrier frequency as uniform distribution between -140 and 140 Hz.
· Companies to check the exact values for sync and async transmission respectively.
3) Timing offset
Proposal 8: 
· Determine the value y for the evaluation with non-zero timing offset (including asynchronous)
· For Case 1: y = NCP/2
· For Case 2: y = 1.5*NCP
· Note: TO for different UEs are i.i.d from uniform distribution [0, y].
· Note: Companies provide the mechanism of TO estimation.



Proposal 9:
· Possible down-selection from Case 1 and Case 2 (depends on progress in procedure)
· Opt 1: only Case 1 to be evaluated
· Opt 2: only Case 2 to be evaluated
· Opt 3: both Case 1 and Case 2 to be evaluated, with X% UEs with Case 1 and (1-X)% UEs with Case 2

4) Random selection
Proposal 10: 
· Clarification for random MA signature (including RS) in LLS
· Opt 1: Fixed number of UEs, with each UE randomly select a MA signature from a pre-configured MA signature pool
· Opt 2: Random activation of UEs, with each UE’s MA signature pre-configured.
· Number of potential UEs and Poisson arrival rate should be defined
· Realistic UE detection should be performed
· For multi-branch cases…
SLS assumptions
Assumptions for SLS calibration
The following views are extracted from companies’ contributions submitted to RAN1#94.
	Company
	Views

	ZTE
	Consider the following additional assumptions for system level calibration:
Minimum distance between UE and gNB: 10m.
Building penetration loss: The building penetration model defined in Table 7.4.3-3 in TR 38.901 is used for frequencies below 6 GHz.
UE noise figure: 9dB.
Handover margin: 0dB.


	Huawei
	Table 1. Complementary parameters for SLS calibration
	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, refer to TR36.873

	BS Tx power
	For 200m: 44dBm; For 500m/1732m: 46dBm

	Polarized antenna modeling
	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

	Handover margin
	0dB

	Wrapping method
	Geographical distance based

	UE attachment
	Based on RSRP (formula) from CRS port 0, fast fading channel is modeled [2]




	CATT
	Table 1: Other parameters for coupling loss and geometry calibration
	Parameters
	Value

	Handover margin (dB)
	0 (i.e., the strongest cell is selected)

	UE attachment
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0, fast fading channel is modelled

	UE receiver noise figure
	9dB

	BS Tx power
	44dBm for 200m, 46dBm (for 500m/1732m:)

	Total allocated bandwidth
	10 MHz




	Intel
	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




	Ericsson
	Stick to the UE height model in 38.901 for UMa channel model, where UEs are at varying height.
Clarify that 3 dB cable loss is not included in the element gain, Rephrase ‘‘8 dBi, including 3dB cable loss’ as ’8 dBi gain; 3dB cable loss’



Proposal 11: 
· Adopt the additional assumptions in the following table for SLS calibration:

	Parameters
	Assumptions

	Minimum distance between UE and BS
	Opt 1: 10m 
Opt 2: 35m for Case 1, 10m for Case 2 and Case 3

	Building penetration loss
	Follow the evaluation assumptions: The building penetration model defined in Table 7.4.3-3 in TR 38.901 is used for frequencies below 6 GHz.

	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., sub-array partition model  with 1D virtualization, refer to TR36.897

	BS Tx power
	Opt 1: 46dBm 
Opt 2: 46 dBm for 500m/1732m ISD; 41 dBm for 200m ISD

	Polarized antenna modeling
	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
	Follow the evaluation assumptions: 20% Outdoor: 3km/h, 80% Indoor: 3km/h

	Handover margin
	0dB

	Wrapping method
	Geographical distance based wrapping

	UE attachment
	Based on RSRP (formula) from CRS port 0, fast fading channel is modeled



SLS assumptions for NOMA evaluation
The following views are extracted from companies’ contributions submitted to RAN1#94.

	Company
	Views

	ZTE
	Confirm the packet size for NOMA evaluations in eMBB scenario: 40~600 bytes Pareto distribution, with shaping parameter alpha = 1.5.
Grant-free transmission with random selection of MA signatures should be studied in NOMA SI to demonstrate the NOMA gain.

	Huawei
	Adopt the following traffic model for NOMA evaluations in eMBB scenario:
· Packet arrival per UE: FTP Model 3 with Poisson arrival
· Packet size: 60~600 bytes Pareto distribution, with shaping parameter alpha = 1.25.

In the SLS evaluation of the NoMA schemes
· 1% higher layer system PDR is used in the SLS to evaluate the supported system capability in terms of high layer system PAR for mMTC or eMBB scenarios; 
· Further discuss the value of Y, i.e. percentage of users satisfying reliability and latency requirements, to be used to evaluate the supported system capability in terms per UE PAR for URLLC scenario.


	Ericsson
	UEs in a simulation should be able to transmit either 60 or 200 bytes to reflect some variation among UE applications in a cell

For NOMA URLLC, traffic is modelled as follows:
· Average packet arrival rate is no greater than 10 Hz
· Average connection density over the cell is at most 0.01 UE / m2 


	InterDigital
	Details of segmentation, such as size and heterogeneous TBS should be further discussed and aligned.
Link-to-system mapping should be further discussed and clarified.

	Qualcomm
	For eMBB small payload use case, the distribution of PDCCH RB utilization (including PDCCH outage) in each slot at each gNB can be used as the performance metric representing the signalling overhead for grants.
Evaluation of NOMA benefits for PUSCH should focus on grant-free scenarios where the PDCCH signalling overhead is not the bottleneck.
For NOMA system-level evaluation, the following system bandwidth should be used:
-MMTC: 5 MHz
-URLLC: 20 MHz
-eMBB: 80 MHz





Proposal 12:
· Further study how many NoMA UEs can be multiplexed in the same PRBs in practical multi-cell deployments by system-level evaluations, taking inter-cell interference and per UE performance into account


Proposal 13: 
· The packet size for NOMA evaluations in eMBB scenario
· Opt 1: Confirm the working assumption 40~600 bytes Pareto distribution, with shaping parameter alpha = 1.5
· Opt 2: 60~600 bytes Pareto distribution, with shaping parameter alpha = 1.25
· The target higher layer system PDR to be used to evaluate the supported system capability in terms of high layer system PAR for mMTC or eMBB scenarios is 
· Opt 1: 1%
· Opt 2: both 1% and 10%
· The target percentage of users satisfying reliability and latency requirements to be used to evaluate the supported system capability in terms per UE PAR for URLLC scenario is
· Opt 1: 90%
· Opt 2: 95%
· Opt 3: both 90% and 95%

Proposal 14: 
· To demonstrate the potential NOMA gain over OMA, grant-free transmission with random selection of MA signatures can be studied and evaluated. 

Proposal 15: 
· For eMBB small payload use case, the distribution of PDCCH RB utilization (including PDCCH outage) in each slot at each gNB can be used as the performance metric representing the signalling overhead for grants.
· Company report the system bandwidth used in simulation

Proposal 16:
· Email discussion on the collection of SLS calibration and evaluation results.
· Templates to be provided by [Aug. 31]
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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

RAN1 #93 meeting

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:
· For calibration of the CDFs of coupling loss and downlink 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 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




