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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN1-84bis meeting [1], it was agreed that

· [bookmark: OLE_LINK103][bookmark: OLE_LINK104]Non-orthogonal multiple access should be investigated for diversified NR usage scenarios and use cases
· [bookmark: OLE_LINK77][bookmark: OLE_LINK78]At least for UL mMTC, autonomous/grant-free/contention based non-orthogonal multiple access should be studied.

To study the system-level performance on the grant-free contention based non-orthogonal multiple access schemes, the evaluation assumptions and methodology should first be agreed to facilitate meaningful and fair comparisons of the different multiple access schemes. Due to the wide range of services, including mMTC, URLLC, etc. each with its own deployment scenarios [2], the system level performance evaluation can become quite challenging and extensive. 
In this contribution, we discuss the evaluation methodology of grant-free contention based non-orthogonal multiple accesses for the UL. It covers for non-eMBB services, which include the mMTC and URLLC usage scenarios. Note that since URLLC service is both latency- and reliability-constrained, its uplink data transmission would benefit from a grant-free access scheme that can provide a low latency transmission.  

Discussion 
For the initial evaluations, it is challenging for each company to study all the different non-orthogonal MA schemes and be able to provide direct performance comparisons among them. It would be more reasonable that each company compares its proposed schemes with a baseline system. We have identified two possible baseline systems. 
Baseline 1 is the LTE orthogonal multiple access for MTC support as given in [5]: This is a grant-based transmission, in which arriving user packets will first use PRACH channel for random access.  If there is no RACH collision, the packet transmissions are assumed successful; if there is a random access collision (i.e., more than one user to take a same preamble for a concurrent access), the packets will fail. The performance metrics should include the supported device connection density, as defined in [2] (and additional signalling overhead required over grant-free transmissions).  It can be seen that the number of users supported will depend on the configuration of PRACH channels and preambles. Reference configuration parameters are proposed in Table 1.
Table 1: Evaluation configurations and assumptions
	Parameter
	Setting

	PRACH configuration index
	14

	Preamble format
	0

	Total # of preambles used for RA
	64

	Traffic model
	e.g., [2],[6]

	Capacity metrics:
	Traffic load to support ~ 99% successful pkt rate  




Baseline 2 is the LTE orthogonal multiple access under grant-free contention based transmission framework (instead of current grant-based UL transmissions), which enables data packets to “arrive and go” [3]. This baseline provides a framework that allows considerations on the possible signalling and messages overhead savings and to check if the achieved performance can meet the NR requirements as agreed in [2]. More details on grant-free contention based schemes are given in [3].        
Proposal 1: The LTE orthogonal MA scheme should be considered as a baseline, defined as either Baseline 1 or Baseline 2, when evaluating a non-orthogonal multiple access scheme.  

For mMTC, urban coverage for massive connection scenario will be used for evaluation, with parameters and scenarios, including ISD and traffic model, aligned with [2][6]. For URLLC, more detailed evaluation scenarios and assumptions are discussed ongoing, and FFS.
For evaluation of an MA scheme, we should provide a few fundamental intermediate results,  in order to calibrate and fairly compare the performance. Towards this end, Table 2 provides a guideline for grant-free contention based multiple access evaluation on top of the evaluation assumptions in [6].

Table 2: Simulation items and published intermediate results
	Evaluation in-process results
	Significance and Notice

	Single user AWGN curves (link level)
	To provide common background in understanding single user performance. For both baseline or MA scheme with only a few MCSs (see: Pre-defined MCS below and also in [3]).

	Multiple user MA performance: PHY abstraction for SLS simulation from LL
	This is to demonstrate how performance degradation incurred by multiple user access.

	Post-SiNR in SLS  
	This is a good point for calibration before detection.

	Open loop power control: α and P0
	Note that we should keep the same power consumption per symbol per user between two MAs for fair comparison.

	Receiver type and complexity estimation
	This will provide reception type and complexity.

	Pre-defined MCS:  TB size and how many RB(s) used in each transmission per user
	 Using a pre-defined MCS is for reduced complexity in grant-free blind and joint signal detection.

	KPI performance
· mMTC: Connection density / connection efficiency [2]
· URLLC (FFS):  Latency  & reliability
	
This is served as a starting point, more KPIs can be evaluated after , e.g.,  UE battery life for mMTC, etc. Note that eMBB short packets in UL transmissions can also be evaluated under this framework [3].



In summary, system level evaluation should provide both a baseline and proposed non-orthogonal multiple access schemes. With above in-process results, fair MA performance comparisons are possible. 
Proposal 2: SLS evaluations should be performed for a baseline and the proposed non-orthogonal multiple access scheme(s), accompanied by the intermediate results as proposed in Table 2 for calibration purposes. 

[bookmark: _Ref129681832]Conclusion
In this contribution, we have proposed a baseline system that can be adopted for the SLS evaluation of a  grant-free contention based non-orthogonal multiple access and some additional proposals on intermediate check points that would be useful calibrations for a fair performance comparisons among the different MA schemes. 

Proposal 1: The LTE orthogonal MA scheme should be considered as a baseline, defined as either Baseline 1 or Baseline 2, when evaluating a non-orthogonal multiple access scheme.  
Proposal 2: SLS evaluations should be performed for a baseline and the proposed non-orthogonal multiple access scheme(s), accompanied by the intermediate results as proposed in Table 2 for calibration purposes. 
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