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1 Introduction

At the RAN1 #92bis meeting, the following agreements were made with regard to link-level and system-level evaluation methodologies for NOMA study [1]. 

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

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 requirements ( aim to conclude in RAN1#93

· FFS timing offset for grant-free without perfect TA, 

· FFS frequency offset 

In this contribution, we discuss remaining issues for link-level and system-level evaluation methodologies for NOMA study. 

2 Link level evaluation methodologies
2.1 Average SNR deviation
In the link level evaluation assumption for NOMA study, both equal and unequal SNR values are considered among UEs for mMTC and eMBB use cases. The motivation is to study the impact of imperfect transmit power at UE side on link level performance for NOMA. In the agreed simulation assumption, SNR follows uniform discrete distribution, but it is FFS on the exact value of SNR deviation. 

As captured below from Section 6.2.1 in TS38.101 [2], the tolerance of maximum output power for any transmission bandwidth within the channel bandwidth of NR carrier ranges from -3dB to +2dB for UE power class 2 and 3. Hence, it is safe to assume SNR deviation of 3dB in the link level simulation. 

Table 6.2.1-1: UE Power Class

	EUTRA band
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)

	n41
	
	
	26
	+2/-33
	23
	± 23

	n71
	
	
	
	
	23
	+2/-2.5

	n77
	
	
	26
	+2/-3
	23
	+2/-3

	n78
	
	
	26
	+2/-3
	23
	+2/-3

	n79
	
	
	26
	+2/-3
	23
	+2/-3

	n80
	
	
	
	
	23
	+2

	n81
	
	
	
	
	23
	+2

	n82
	
	
	
	
	23
	± 2

	n83
	
	
	
	
	23
	± 2/-2.5

	n84
	
	
	
	
	23
	± 2

	n86
	
	
	
	
	23
	± 2

	NOTE 1:
PPowerClass is the maximum UE power specified without taking into account the tolerance 

NOTE 2: 
Power class 3 is default power class unless otherwise stated

NOTE 3:
Refers to the transmission bandwidths (Figure 5.3.3-1) confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB


Proposal 1
· Average SNR deviation a = 3. 

2.2 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 [3], 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). To accurately model the timing offsets between different UEs, further study is needed according to agreed system-level evaluation methodologies for mMTC, URLLC and eMBB use cases. 

Proposal 2

· Both synchronous and asynchronous transmission for UL NOMA can be considered. 

· For asynchronous transmission, further investigate timing offset values and distribution. 
3 System level evaluation methodologies
In NR, two types of grant free UL transmission are specified: Type 1 and Type 2 configured grant uplink transmission. The Type I configured grant uplink transmission is mainly based on RRC configuration while the Type II configured grant uplink transmission is based on a combination of RRC signalling and L1 activation and deactivation. 
For grant free UL NOMA transmission, these two types as defined in NR can be considered as a starting point. However, as discussed in our companion contribution [4], further enhancement may be envisioned, especially when considering the support of various applications and services with different requirements and KPI targets. In particular, for mMTC use case with infrequent traffic pattern comprising of small packet transmissions, random selection of MA signature and resource can be considered to further reduce potential collision and thus improve overall system throughput. 

In our view, for system level evaluation assumption for mMTC use case, the baseline for performance comparison is grant free uplink transmission, wherein random selection of MA signature and resource can be considered. For eMBB use case, the baseline for performance comparison is both grant based and grant free uplink transmission (using configured grant type 1 or type 2). The latter case is similar to the baseline performance comparison as agreed for URLLC use case.
Further, traffic model for eMBB and URLLC use cases can follow both FTP Model 3 and periodic packet arrivals with various packet sizes, which are aligned with agreed link level simulation assumption.   

With regard to the definition of packet drop rate, two options can be considered:

· Option 1: 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”

· Option 2: Packet drop rate is defined as (the number of packets dropped) / (the number of packets generated), where a packet is dropped if this packet failed to be successfully received by destination receiver beyond “max number of (re-)transmissions”.
For URLLC use case, it is more desirable to define packet drop rate based on the number of packets in outage to accurately quantize the reliability performance. Further, considering a unified evaluation methodology for all different use cases, Option 1 can be considered for the system level evaluation methodologies for NOMA study. 

Proposal 3

Adopt the followings for system level evaluation for NOMA study:

· 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).
· Traffic model: both FTP Model 3 and periodic packet arrivals with packet size [20, 80, 150] bytes. 
· For URLLC:

· Traffic model: both FTP Model 3 and periodic packet arrivals with packet size [10, 40, 75] bytes.
4 Conclusions

In this contribution, we discussed remaining issues for link-level and system-level evaluation methodologies for NOMA study. Based on the discussions presented, we summarize our views through the following proposals:
Proposal 1

· Average SNR deviation a = 3. 

Proposal 2

· Both synchronous and asynchronous transmission for UL NOMA can be considered. 

· For asynchronous transmission, further investigate timing offset values and distribution. 
Proposal 3

Adopt the followings for system level evaluation for NOMA study:

· 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).
· Traffic model: both FTP Model 3 and periodic packet arrivals with packet size [20, 80, 150] bytes. 
· For URLLC:

· Traffic model: both FTP Model 3 and periodic packet arrivals with packet size [10, 40, 75] bytes.
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