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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]SLS evaluation is believed to be important for the evaluation of NoMA schemes in multi-cell environment with inter-cell interference considered besides the inter-user interference within a cell. Moreover, with SLS, the impact of random user distribution and the random traffic arrivals can be fully studied along the investigation of NoMA performance and potential enhancement in terms of supported system capacity or traffic loading for given successful packet transmission rate (or given packet drop rate). 
While the SLS and SLS evaluation schemes will capture different performance aspects, the interactions between SLS and LLS are not limited to the physical layer abstractions, for example, they are also linked by the common/basic assumptions and the parameters such as traffic loading, number of users per cell, etc.
In the RAN#92bis agreements [1] (also, see Appendix A), SLS evaluation assumptions and parameters for mMTC service have been discussed and agreed with a few tentative parameters to be verified and possibly updated, while many assumptions and parameters for URLLC and eMBB services are still open to discussion in the coming meeting. As a result, we organize this contribution as follows. 
We first discuss the SLS evaluation methodology in general, including simplified evaluation methodology for URLLC and some discussion on PHY abstraction which is required in the SLS evaluation. Then, we provide a discussion on the tentative parameters in mMTC case agreed in the last meeting, and some of the assumptions and parameters for URLLC and eMBB cases. Finally, we discuss a few remaining issues on LLS and their impacts.
2 Discussion on SLS evaluation methodologies
The discussion of the SLS methodologies focuses on the transceiver procedures in the SLS evaluations, including a scheme to derive specific statistics for URLLC low block error rate (BLER).
2.1 General methodology and procedures
In the GF based SLS evaluation, a few procedures and rules can be followed for general evaluation methodology given below.
· Non-full buffer traffic model (e.g., FTP 3) is used for each user with inter packet arrival rate (PAR)  with packet size distribution such as Pareto distribution on [X1 bytes, X2 bytes], or fixed packet sizes. 
· Each UE is pre-configured with some GF resources, and upon the data packet arrival, the UE is assumed to transmit the packet with [K] repetitions in a one-shot transmission, where [K] can be determined according to its coverage level or channel condition of a UE. The early stop during the transmissions of [K] repetitions may or may not be applied.
· If a packet fails to be successfully received by the destination, a retransmission process could be applied. For the transmission of bursty and short packets, fast link adaptation may not be efficient or possible due to the disconnected channel information, so the retransmissions would keep the same MCS, the same number of repetitions within a one-shot transmission to simplify the evaluation. Also, to meet the latency constraint, a higher priority is given to transmission of an old packet for repetition or retransmission. 
· 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. 
· For GF transmission with given configured resource including fixed MCS, a maximum TB size can be supported in the GF resources. As a result, to support variable packet size from a general traffic model, packet segmentation is needed. In this case, a packet can be claimed to be successfully received by the base station only when all the segmentations of the packet are successfully received by the destination within the target latency. 
· At least open-loop power control is applied. Closed-loop power control can be optionally applied. As the power control parameters will have big impact on the performance, a reasonable assumption for evaluation among different MA schemes including baselines would be inevitable. One way is to keep the transmit power density per RB per UE the same for different MA schemes; the other is to keep the transmitted total power per symbol per UE the same across different MA schemes, both under the constraint of the maximum UE power.
· 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. More details are discussed in [4].
· As NoMA could enhance spectrum efficiency usually in highly loaded traffic scenarios, which are often seen in data transmissions under UE connected states.  
Given above rules, a general procedure for GF and NoMA SLS evaluation can be described and summarized in Figure D-1 of Appendix D. Also, given the potential benefit and motivation of NoMA study for different scenarios discussed earlier in [2,3], Table 1 in Appendix B provides performance metrics to be evaluated as well as some suggested measurement statistics for each use scenario. 


Figure 1 Flow chart of the simplified methodology.
2.2 Simplified evaluation methodology for URLLC
For cases with ultra-high reliability requirement, very low target per UE PDR needs to be evaluated, which means the number of total packets generated for each UE is very large in the SLS. For instance, in the URLLC scenario, in order to get the reliability of 1-10-5, at least 106 packets are usually required, thus the simulation time is too long to be tolerated, especially for a non-full buffer traffic model.
[bookmark: OLE_LINK1]One simplified methodology, which people have used to reduce the simulation samples, is to determine the actual PDR per UE from the average BLER of all the packets simulated for that UE. The reliability of the i-th UE can be calculated as , where  is the transmission BLER of the i-th UE’s k-th packet after finishing the configured K repetitions (within the target latency budget), and  Ki is the total number of packets arrived at the i-th UE during simulation time Tsim. Assuming R0 is the reliability requirement, e.g., R0=1-10-5, if Ri >R0, the i-th UE is considered as a satisfied UE. The ratio of the number of satisfied users over the total number of users generated during the simulation time Tsim  is an estimated satisfied UE ratio (in percentage) in the system.
The above simplified methodology can reduce the SLS evaluation time. However, in order to ensure the accuracy of the simulation, it is found the total packet number in each round of drop of the simulation should not be less than the inverse of the target BLER. More details of the simulation procedure for this simplified evaluation methodology are shown in Figure 1. 
Proposal 1: 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.
2.3 PHY abstraction for multi-user receivers
To simplify the SLS evaluation process, the real detection and decoding process at the receiver is abstracted in the link-to-system mapping model, which is also known as the PHY abstraction. In order to reflect the true capability of multi-user detection and decoding, the PHY abstraction should be accurate, computationally simple, relatively independent of channel models, and extensible to interference models and various receiver schemes for NoMA. 
In LTE, some PHY abstraction methods have been provided for DL case [4] [5]. In Rel-14 NR study, a revised PHY abstraction method [6] was proposed in RAN1#86bis and was agreed to be used for UL NoMA system-level evaluations to model the non-linear receivers [7].
The general idea of the approach in [6] is to first calculate the post-processing-SINR (pp-SINR) on each resource element (RE) or RE groups (if spreading or interleaved with zeros) assuming the perfect interference cancellation (PIC) receiver, and then map the per RE/RE group pp-SINRs to the effective SINRs over the total K REs/RE groups using some typical effective SNR mapping (ESM) functions with certain fitting parameter . Note that in the multi-user UL scenarios, this fitting parameter is dependent with both the MCS used and the number of UEs multiplexed. The estimated BLERs can then be obtained by looking up the effective SNRs in a pre-stored SISO AWGN link performance table. 
Though this PHY abstraction method is initially proposed for non-linear receivers such as ESE-PIC, MPA-PIC, it can also be applied to linear receivers such as MMSE-SIC to avoid the modeling of error propagation in each round of interference cancellation. 
Lastly, to be fair for the NoMA performance evaluation, the PHY abstraction results should be part of the intermediate results to be presented by each company to ensure certain level of validation and calibration before comparing the overall SLS performance. 
Proposal 2: 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.
3 Discussion on evaluation assumptions and parameters
In the RAN#92bis agreements [1], SLS evaluation assumptions and parameters for mMTC service have been discussed, while some tentative parameters need to be verified and possibly updated before applying them in the overall performance evaluation on mMTC scenario. Meanwhile, many assumptions and parameters for URLLC and eMBB services are still open issues, which are to be discussed below.
3.1 mMTC
It is agreed in the last RAN plenary meeting that No NR based solution will be studied or specified for the LPWA use cases [8]. Thus, the low power wide area (LPWA) scenario with narrow band restriction should not be the scope of Rel-16 NR for study. In respect to this guidance, NR mMTC needs to be carefully defined and also reflected in the SLS evaluation, focusing on the normal coverage without energy-limited devices as much as possible. Two aspects can be considered along this:
· For similar metric which is system capacity in terms of connection density and throughput, target to the scenarios without overlapping of NB-IOT or eMTC cases. In the SLS evaluation, this turns out to require the percentage of UEs with CL > 144 dB to be significantly low or no overlapping at all, since in eMTC/NB-IoT there is LTE-based solution for the similar metric specified for normal/small coverage case already;
· Identify new applications without coverage concern, and setup corresponding evaluation assumptions and traffic models, which, unfortunately, appears to be completely missing in the discussion so far.
As for the 1st aspect, we check the CDF of UE coupling loss (CL) distribution when the UE distribution is [20%] outdoor and [80%] indoor with ISD of [1732] meters to verify the temporary assumptions and parameters w.r.t coverage. Figure 2 gives the CDF for UE CL with different combinations of ISD and UE distribution. As observed, the deployment scenarios with 0% UEs under CL>144dB would be attractive and sufficient for NoMA study.


	UE percentage whose CL larger than #dB
	>134dB
	>144dB
	>154dB

	1732m ISD,  20% outdoor, 80% indoor
	9%
	0.9%
	0

	1732m ISD 50% outdoor, 50% indoor
	6%
	0.1%
	0

	1732m ISD 80% outdoor, 20% indoor
	2%
	0
	0

	500m ISD 20% outdoor, 80% indoor
	1.5%
	0
	0


Figure 2 CDF of coupling loss for mMTC scenario.
[bookmark: OLE_LINK15]As for the 2nd aspect, some other use cases need to be considered to maximize the potential business market implementing NR NoMA. [9] has provided a list of traffic scenarios/requirements that are circulated and captured by 3GPP, including application scenarios such as video recorder, farm machinery and D2D communication in addition to LPWA cases. Among them, D2D communication is out of the scope of NR NoMA study while others can be widely deployed outside nowadays, which can be the very interested areas as NoMA use cases. Also in [10], a comprehensive survey has been done to show the emerging business opportunity of wireless video surveillance industry. Therefore, Rel-16 mMTC in NR should keep open for this type of new use cases.
Proposal 3: 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
· Keep the traffic model and the evaluation parameters open for potential new services identified in NR such as video surveillance, etc.
3.2 URLLC
URLLC aims to focus on latency-sensitive services such as assisted and automated driving, remote management and e-health. For URLLC use case, it is a type of new service, and there is no existing network deployment at current stage, thus both 700MHz and 4GHz carrier frequency bands are worth investigating as described for performance evaluation in [2].
It is reasonable for operators to consider both bands. On one hand, the 4GHz is shared with eMBB service, and currently UL multiplexing of URLLC and eMBB is under evaluation. It may save the operators an extra layer of network if it could serve both services within the same band. On the other hand, for the operators that have frequency band lower than 1GHz (e.g. 700MHz or 900MHz, which is usually FDD bands), it is beneficial to consider deploying URLLC in such band to avoid competing UL sub-frame resource with DL eMBB services (which in practice will be the dominant service for now) and thus improve the latency and reliability performance. 
The ISD is actually carrier frequency dependent. For 4GHz case, to consider the co-location of base station for eMBB and URLLC, 200m ISD should also be considered for URLLC. While for the 700MHz case, 500m ISD is more suitable to take the advantage of better propagation capability of the lower frequency band. 500m ISD for 4GHz carrier frequency may be considered in the case of large number of receiving antennas to improve link quality.
Different combinations of ISD and carrier frequencies can be applied for different use cases, where the UE distribution could also be different. For instance, for the case of 4GHz and 200m ISD, it could be used to serve factories with industry automation machines where it is possible that 80% UEs are indoor and 20% are outdoor; while for the case of 700MHz and 500m ISD, it could be used to cover urban cities with V2X services where it is more likely to have 80% UEs outdoor and 20% indoor as suggested by ITU in [13]. Therefore, we suggest to leave some flexibility in UE distribution for different use cases.
In terms of the traffic model for URLLC, some identification in the documents [11, 12] may also be helpful. With consideration of reliability at PHY layer of 10e-5, all scenarios in [11] would include a common range of small payload up to 256 bytes. For some particularly interested use cases from vertical industry today are typically with less than 56 bytes, like discrete automation. In [12] of LTE latency reduction, packet size could be variable from a range of 32~100 bytes to even larger (in unit of kB and even MB). Note, the larger packet sizes therein share more similarity with eMBB traffic requirements. On the other hand, the view shared in the last RAN1 meeting show a preference of using packet size 32 bytes which is inherited from Rel-14 NR SI and has been adopted for many NR technologies setup. Given the already agreed bandwidth allocation of 12 PRBs, it is reasonable to take some values in between 32~100 bytes. While for the packet arrival model, both Poisson distributed or periodic types of traffic can be considered. And to save the workload, one of them can be selected. 
Proposal 4: 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.
· 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.
3.3 eMBB  
eMBB scenario is another important aspect to be addressed for NoMA study. There are less remaining issues compared to URLLC and mMTC as ISD, carrier frequency and UE distribution ect are well understood throughout the study of Rel-15 NR.
For the traffic model, as also explained in section 3.2 and above, relatively larger packet size would be a typically interesting case for study. Thus, 100 bytes can be a starting point. An up to 256 bytes packet size can also be considered as small packet for eMBB, without losing generality. Even larger packet size (in unit of kB) was also proposed in the last meeting for eMBB. In our view, that could be reported as a proponent test, to see where in the upper boundary is the NoMA limit. However that should not be used to justify NoMA gain, with already the justification of small packet in use in the SID. Thus, we have
Proposal 5: 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.
4 Remaining issues on the LLS evaluations
Most of the LLS parameters and metrics are agreed in RAN1#92 (which are summarized in Appendix E) with only a few items to be further defined. Some of the LLS parameters and the metrics related to the mMTC scenario may need to be revisited given the agreements in the latest RAN plenary meeting. 
4.1 Number of UEs 
The number of UEs is important for link-level performance evaluation for NoMA. Companies need to report the number of UEs for all the LLS results. In the SLS, the number of active UEs is random, and the distribution depends on the traffic load. To reflect realistic performance as much as possible, the distribution of UE number in the SLS can be a good reference for LLS.
4.2 SNR Definition
BLER vs SNR has been agreed as the link-level performance metrics. For calibration purpose, the SNR definition should be aligned. NoMA schemes are different in the way of resource utilization. Given the same total bandwidth, each UE may utilize all the subcarriers for some NoMA schemes, or part of the subcarriers for other NoMA schemes. 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

When all the REs are utilized, the received power on each RE is  and the noise power per RE is , then . When half of the REs are utilized, the received power on each utilized RE is  and the noise power per RE is , then . Thus, the above two cases have the same SNR. If the received power is for a single UE, the SNR can be referred to as SNR per UE. If the received power is for multiple UEs, the SNR can be referred to as total SNR, i.e., the sum of SNR per UE.
4.3 Timing offset and Frequency error 
For timing offset and frequency error, it is agreed already that zero will be the starting point for both. As a second step to understand the NoMA performance in practical environment, companies are also encouraged to provide the LLS results with realistic modelling of timing offset and frequency error 
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. 
Note that in the presence of timing offset and/or frequency error, adjustment of system parameters such as subcarrier spacing, CP length, as well as additional DMRS or PT-RS can be considered to improve the channel estimation performance and thus the overall link performance.
5 Conclusions 
In this contribution, we discussed the SLS evaluation methodologies for all three use cases, i.e., mMTC, URLLC, and eMBB. Based on the discussion, we have the following proposals. 
Proposal 1: 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.
Proposal 2: 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.
Proposal 3: 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
· Keep the traffic model and the evaluation parameters open for potential new services identified in NR such as video surveillance, etc.
Proposal 4: 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.
· 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.
Proposal 5: 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.
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Appendix A 
NoMA agreements @ RAN1 #92 bis
Agreements:
Adopt the parameters in the following table for system-level evaluations of NOMA study
Table 2: 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. (may capture them before and after the receiver) 
· 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: (Not applicable to GB)
· 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

Appendix B 
SLS  performance metrics
Given the potential benefit and motivation of NoMA study for different scenarios discussed earlier in [2] Table 1 gives the high level metrics as well as some suggested measurement statistics for each scenario. 

Table 3: High level metrics of SLS and measurement statistics.
	Usage Scenario 
	Metrics
	Measurement statistics
	Illustrative graphs

	mMTC 
	Supported system capacity in terms of system PAR at a given system PDR 
	· System packet arrival rate (PAR) [X, in the unit of packet/ms/cell] at given system packet drop rate (PDR) threshold [Y, e.g., Y=5%], where a packet is dropped if the transmission of the packet exceeds a given timer of [T, e.g., T=1s] or/and a maximum number of [R, e.g., R=8] repetitions or retransmissions. 
	· System PDR v.s. system PAR

[image: ]

	URLLC 
	Supported system capacity with required latency and reliability
	· Per UE PAR [X, in the unit of packets/ms/UE] at the given ratio of satisfied #UEs over all #UEs [Y%, e.g., Y=90], where a UE is satisfied if its PDR or average BLER is lower than [R, e.g., R=1e-5] and a packet will be dropped if it is not correctly decoded within the [L, e.g., L=1ms] delay bound. (See section 3.2 for more details)
· The supported system capacity is the per cell PAR when Y% of the users can meet the URLLC reliability and latency requirements R and L.
	· Ratio of satisfied UE v.s. PAR 
[image: ]

	eMBB 
	User perceived throughput (UPT)
	· UPT for various per UE PAR [X, in the unit of packet/ms/UE] at given # of users per cell and system PDR [Y%], where a packet is dropped if it exceeds a given timer of [T, e.g., T=1s] or/and achieves the maximum number of [R, e.g., R=4] repetitions or retransmissions. 
· The 50% user perceived throughput (UPT) and the 5% UPT can be evaluated based on per UE PAR at given PDR and the traffic model.
	· UPT v.s. PAR(s) at given PDR




TR38.802:
For the SLS evaluation for grant-free UL multiple access schemes applied to mMTC, packet drop rate vs. packet arrival rate per cell curve is used, where grant-free UL multiple access schemes has the following characteristics
-	A transmission from UE does not need the dynamic and explicit scheduling grant from eNB
-	Multiple UEs can share the same time and frequency resources
and packet drop rate is defined as (Number of packet in outage) / (number of generated packets), where a packet is in outage if this packet failed to be successfully received by destination receiver beyond “Packet dropping timer”
All simulated non-orthogonal MA schemes with grant-free with advanced receivers (some with ideal channel estimation while others with realistic channel estimation) provide significant capacity gain in terms of packets arrivals rate (packets/s/sector) at a given system outage (e.g, 1% target packet drop rate), compared to a respective grant-free reference scheme assumed by each company.

Agreements in RAN1 #85:
The following performance metrics are defined for evaluation and feature selection in RAN1 (FFS the method of evaluation, including whether SLS are required): 
· URLLC capacity is defined as delivered traffic given the (L, R) constraint
· Denoted as C(L,R) 
· URLLC/ eMBB multiplexing capacity is defined as the simultaneously delivered URLLC capacity C(L,R) and eMBB capacity T

Agreements in RAN1 #86:
· From RAN1 perspective, the following scenarios are used as a starting point for initial URLLC evaluations
· Indoor Hotspot scenario
· Urban Macro scenario
· System level evaluation method is used for URLLC system capacity study to analyze impact from inter-cell interference, queueing and scheduling latency, multiplexing with other services
· URLLC system capacity is calculated as follows:
· C(L, R) is the maximum offered cell load under which Y% of UEs in a cell operate with target link reliability R under L latency bound
· X = (100 – Y) % is the percentage of UEs in outage
· A UE in outage is defined as the UE cannot meet latency L and link reliability R bound
· Companies report their assumption on X
· Note: definition of latency L and target link reliability R is provided in R1-168371

Appendix C 
The following simplified baseline of contention based OFDMA had been calibrated among companies in Rel-14 MA study, which has been captured in TR38.802 section 9. 
Table 9.1.2-1: Baseline scheme of calibration purpose for evaluation of grant-free UL multiple access schemes.
	Attributes
	Assumptions

	Waveform
	CP-OFDM as the UL waveform 
• UL DMRS overhead, 1 OFDM symbol out of 7 OFDM symbols 

	Resource allocation
	A UE selects a MA physical resource randomly from a pool of orthogonal MA physical resources There is no partial overlapping between the MA physical resources selected by more than one UE All orthogonal MA physical resources are of same size 
Total allocated bandwidth: 6RB, 4RB (optional) for calibration purpose only
Bandwidth per user per transmission: 1 RB

	Receiver
	MMSE-IRC, assuming ideal channel estimation for calibration purpose only 
 • 2Rx 
 • No blind decoding assumed

	MCS
	Same for all UEs 
•Derived by the bandwidth per user of 1 RB and TB size of 160 bits per transmission 
•QPSK 

	Power control
	Open loop power control: Alpha=1, P0= -90 dBm 

	Packet size
	Fixed by 20 bytes
TB size with CRC included 

	HARQ retransmission
	No. of transmission is 1 (i.e., no repetition or retransmission)

	Traffic model
	FTP 3 with fixed TB size

	Average no. of users per sector
	20 assuming 3 sectors/cell, total 57 sectors 

	Channel code
	LTE Turbo



Appendix D 

Figure D-1 A general evaluation procedure for (GF) SLS evaluation.

Appendix E 
[bookmark: _Ref505757384]Table 1 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 evaluations 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
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