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1 [bookmark: OLE_LINK156][bookmark: OLE_LINK157]Introduction
At RAN#75 meeting, new Study Item on Self Evaluation towards IMT-2020 submission was approved [1]. Self-Evaluation will provide the performance towards all the ITU-R IMT-2020 requirements as defined in Report ITU-R M.2410 [2]. High-level assessment methods for these evaluation characteristics are given in § 6 of Report ITU-R M.2412 [3]. In this contribution, evaluation methodologies for system level simulation (SLS) and link level simulation (LLS) are discussed.
2 SLS evaluation methodology
2.1 Modeling for UL power back-off
[bookmark: OLE_LINK49][bookmark: OLE_LINK58][bookmark: OLE_LINK61][bookmark: OLE_LINK62]In the last RAN1 meeting, it is agreed that in self evaluation, OFDM based waveform and OFDMA multiple access is applied to UL, and companies report power back-off model if used. Referring to the preliminary conclusion in the last meeting in RAN4 [4], it defines MPR model for DFT-s-OFDM and CP-OFDM respectively for different modulation levels in NR. Considering the purpose for ITU self-evaluation, the MPR defined in [4], could be used to model DFT-s-OFMA and CP-OFDM power back-off for uplink transmission.
While, there are more details to be discussed to refine the MPR model which are listed as following:
· [bookmark: OLE_LINK59][bookmark: OLE_LINK60]Non-continuous resource allocation
· [bookmark: OLE_LINK65][bookmark: OLE_LINK71][bookmark: OLE_LINK41][bookmark: OLE_LINK42][bookmark: OLE_LINK48]MPR model in, is only used to continuous resource allocation for both DFT-s-OFDM and CP-OFDM. When CP-OFDM allocates non-continuous resource to get more performance gain from frequency diversity, there is no appropriate MPR value as reference so far.
· FR2
· For higher frequency with larger bandwidth, more difficulties are on MPR modeling, such as complexity on hardware implementation, UE supportable maximum transmission power, and so on. Discussion on MPR value has no conclusion. And the RAN4 discussion will be ongoing to June this year.
About non-continuous resource allocation, simplified algorithm and modeling could be used for the purpose of ITU self-evaluation before RAN4 agreement is achieved. Taking an example, it could be observed the ratio of RB location away from each edge to total allocated RB. If ratio is larger than X%, MPR of outer RB allocation could be used. Otherwise, MPR of inner RB allocation could be used. X% is FFS, e.g. 80%. Regarding MPR model for FR2, FR1 MPR model could be temporarily used for the purpose of ITU self-evaluation before RAN4 agreement is achieved, considering UE maximum transmission power of up to 23dBm for both FR1 and FR2 in ITU evaluation assumption and possible implementation differences among companies’ devices.
[bookmark: OLE_LINK75][bookmark: OLE_LINK76]Proposal 1: The current NR MPR model defined in RAN4 can be applied as reference for uplink OFDM PAPR back-off model, and simplified model as above could be used for ITU self-evaluation purpose before RAN4 detailed agreements are achieved.
3 [bookmark: OLE_LINK37][bookmark: OLE_LINK38]LLS methodology discussions
For mobility and reliability evaluations, both system level simulation and link level simulation are needed. A pre-processing SINR is obtained according to system level simulation and it will be used in link level simulation to achieve final evaluation results [3].
3.1 Multi-antenna modeling location for SINR
Obviously, the pre-processing SINR provided by system level simulation will affect the final results directly. Considering massive MIMO is an important technology in IMT-2020, the pre-processing SINR is further strongly correlated to MIMO configurations and schemes in system level simulation. On the other hand, it is to be noted that antenna gains and beamforming gains should not be calculated repeatedly in both system and link level simulation. In this section, we provide our understanding of antenna gain and analog/digital beamforming gain modeling considerations in “SLS+LLS” evaluation.
The pre-processing SINR provided by SLS is expressed as: 
.               (1)
Discussions on modeling approaches of the interference power and signal power are given in the following sections. 
3.1.1 Interference modeling
Since precoding effects from interference introduced by multi-TxRPs and multi-users can not be performed by LLS, analog and digital beamforming impact on interference shall be embodied in the pre-processing SINR provided by SLS. In other words, all multi-antenna gains, including antenna element gain, analog beamforming gain and digital beamforming gain should be counted in SLS for interference calculation of the median SINR. 
Proposal 2: All multi-antenna gains, including antenna element gain, analog beamforming gain and digital beamforming gain should be counted for interference calculation in SLS.
3.1.2 Signal modeling
For signal modeling, antenna element gain for signal also needs to be modeled in SLS, indicating that antenna element gain in LLS shall be set to 0dB. However, different from interference modeling, analog and digital beamforming gains for signal could be performed in either LLS or SLS. 
One option is to put all multi-antenna related operations in SLS. In this case, analog and digital beamforming gain for signal power are evaluated in SLS. Thus, only single Tx antenna and single Rx antenna with 0dB gain need to be modeled in LLS, contributing pretty low simulation complexity for LLS. 
Option 1: All multi-antenna gains, including antenna element gain, analog and digital beamforming gain for signal power are evaluated in SLS while only single Tx antenna and single Rx antenna with 0dB gain is modeled in LLS.
However, support of specific features (including UE moving speed) on multi-antenna operations could be reflected in link level simulation, e.g. robustness of channel estimation, Rx processing and etc. Therefore, the method in Option 1 to involve all multi-antenna operations in SLS may not well reflect designs to mitigate the impact from high mobility. In order to evaluate mobility performance under different environments and speeds more accurately, it is reasonable to model all multi-antenna operations in LLS at least for mobility evaluation. Thus analog and digital beamforming gains shall be modeled in LLS. In this case, single Tx antenna and single Rx antenna gain will be counted for signal power calculation in SLS. 
Option2: Single Tx antenna and single Rx antenna gain are counted for signal power calculation in SLS while analog and digital beamforming gains are modeled in LLS.
However, if we apply both analog and digital beamforming all together into the LLS, the simulation complexity would be very high. To get a tradeoff between LLS complexity and evaluation accuracy, another alternative option can be considered by separating analog beamforming gain and digital beamforming gain in the SLS and LLS [5]. As proposed in [5], antenna element gain and analog beamforming are considered in the SLS while digital beamforming modeled in the LLS.
Option 3: Model antenna element gain and analog beamforming gain for signal power calculation in SLS and only digital beamforming is considered in the LLS.
In Table 2, the three options are compared: gain considerations for interference and signal power calculation of the pre-processing SINR, antenna configurations in SLS and LLS are listed. We propose that actual performance differences of these options shall be analyzed according to practical system and link level simulations in the future work. 
Table 2: Summary of three alternative options for “SLS+LLS” evaluation
	
	Option1
	Option2
	Option3

	Gains for interference  power in SLS
	antenna element 
analog beamforming
digital beamforming
	antenna element 
analog beamforming
digital beamforming
	antenna element 
analog beamforming
digital beamforming

	Gains for signal power in SLS
	antenna element 
analog beamforming
digital beamforming
	antenna element 
	antenna element 
analog beamforming

	Gains in LLS
	0dB
	analog beamforming
digital beamforming
	digital beamforming

	Antenna configurations for SLS
	S Tx ports;
NT antenna elements virtualized into 1 Tx port;
U Rx ports;
NR antenna elements virtualized into 1 Rx port;
	S Tx ports;
NT antenna elements virtualized into 1 Tx port;
U Rx ports;
NR antenna elements virtualized into 1 Rx port;
	S Tx ports;
NT antenna elements virtualized into 1 Tx port;
U Rx ports;
NR antenna elements virtualized into 1 Rx port;

	Antenna configurations for LLS
	1Tx antenna
1Rx antenna
	S Tx ports;
NT antenna elements virtualized into 1 Tx port;
U Rx ports;
NR antenna elements virtualized into 1 Rx port;
	S Tx ports;
U Rx ports;

	LLS complexity
	Low 
	High 
	Median



Observation 1: Analog and digital beamforming gains for signal can be performed in either LLS or SLS theoretically, which can be a starting point to consider. 
Note: The above observation does not mean any other option could not be considered.
Proposal 3: Actual performance differences of alternative options shall be analyzed according to practical system and link level simulations in the future work. Further discussions based on simulation results are needed to reach a consensus which method to be used in “SLS+LLS” evaluation for comparable evaluation results among companies. 
Also, it is simple that the same pre-processing SINR methodology applied to evaluate both Mobility and Reliability. But it does not mean it is really necessary to applied the same method considering there is not high speed condition in URLLC to be evaluated and test environments to evaluate Mobility and Reliability are different, i.e. results cannot be reused from one to the other.
Observation 2: Pre-processing SINR methodology for Mobility and Reliability can be considered respectively.
3.2 Reliability considerations for URLLC
According to [2], the minimum requirement for the reliability is 1-10−5 success probability of transmitting a layer 2 PDU (protocol data unit) of 32 bytes within 1 ms in channel quality of coverage edge for the Urban Macro-URLLC test environment. Considering that the final success probability is strongly related to slot/mini-slot structure and transmission schemes (e.g. with or without retransmission, maximum retransmission times allowed) used in LLS, to define a set of feasible slot/mini-slot structure and transmission schemes satisfying the 1 ms latency limitation shall be the preliminary step to conduct further LLS simulation and final reliability determination. 
Considering possible situations when there is no time left for retransmissions, evaluation should be done at least for one shot transmission firstly, that indicate whether NR capability can fulfill the requirement when there is only one transmission for an emerged packet arrival. 
Proposal 4: One shot transmission within 1ms latency shall be evaluated for Reliability.
Furthermore, in NR, various new technical features including scalable numerologies, mini-slot structure, grant-free UL transmission, slot aggregation, HARQ-less repetition scheme, etc., can be utilized for latency reduction. Those can facilitate using multiple transmissions/repetitions to improve transmission reliability which is also worthy to be evaluated.
Proposal 5: Mini-slot with multiple transmissions shall be evaluated for Reliability. 
4 Conclusion
In this contribution, evaluation methodologies for system level simulation and link level simulation are discussed.
For uplink power back-off model in SLS, we have the following proposals:
Proposal 1: The current NR MPR model defined in RAN4 can be applied as reference for uplink OFDM PAPR back-off model, and simplified model as above could be used for ITU self-evaluation purpose before RAN4 detailed agreements are achieved.
For link level simulation methodology, we have the following proposals and observations:
Proposal 2: All multi-antenna gains, including antenna element gain, analog beamforming gain and digital beamforming gain should be counted for interference calculation in SLS.
Observation 1: Analog and digital beamforming gains for signal can be performed in either LLS or SLS theoretically, which can be a starting point to consider. 
Proposal 3: Actual performance differences of alternative options shall be analyzed according to practical system and link level simulations in the future work. Further discussions based on simulation results are needed to reach a consensus which method to be used in “SLS+LLS” evaluation for comparable evaluation results among companies. 
Observation 2: Pre-processing SINR methodology for Mobility and Reliability can be considered respectively.
Proposal 4: One shot transmission within 1ms latency shall be evaluated for Reliability.
Proposal 5: Mini-slot with multiple transmissions shall be evaluated for Reliability.  
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