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1 Introduction
In this contribution, we discuss the remaining several issues of inter-cell interference modeling for link level simulation.  After summarizing the RAN4 email discussion outcome, we firstly provide our view on the purpose of link level evaluation for NAICS. Finally, we provide our suggestions on the remaining issue of inter-cell interference modeling.
2 Summary of discussion progress

During the email discussion, some common views shared by many companies are as following:

· Agreement on how to determine the interference level of Noc, I1/Noc, I2/Noc. The interference conditions of each company have been provided for alignment.
· There are two Phases for RAN4 LLS
· Phase-1: use fixed ON/OFF pattern, and fixed MCS/RI across subframes/subbands 
· Phase-2: use dynamic ON/OFF pattern and adaptive MCS/RI (OLLA enabled) for serving cell, the MCS/RI of interference cell is FFS
· The simulation procedure and assumptions for Phase 1 are mostly agreed

Besides these, there are several issues on how to model dynamic ON/OFF interference in Phase-2 evaluation, such as
· How to assign the MCS/RI for each packet, there are several options, 

· constant MCS/RI across the time and frequency domain of each packet
· constant MCS/RI across the time and frequency domain of all packets
· random MCS/RI across subframe and subband of each packet
· How to determine the candidate MCS/RI distributions

· How to determine the time duration for each packet

· determine by the MCS/RI and the packet size for each packet

· fixed time duration for all packets, which could be different value for different RU
In this contribution, we will firstly discuss the purpose of link level evaluation, and then provide our suggestions on the remaining issues.
3 Purpose of link level evaluation

In this section, we share our view one the purpose of link level evaluation for NAICS SI stage. A clear purpose could lead us to reach the agreement on inter-cell interference modeling for LLS.

As described in SID, Link level simulation in RAN4 is to evaluate the link-level gain over R.11 IRC receiver based on the realistic simulation assumptions from RAN1. This implies that LLS are used for not only aligning the performance of various advanced receivers between different companies, but also investigating their performance gain in realistic network scenarios.  

For another point of view, system level simulation is expected to also investigate the performance gain of advanced receiver in realistic network conditions. The final decision on which receiver type to introduce will depend on the performance gain obtained from both SLS and LLS. Regarding the SLS evaluation capability for advanced receiver, we can observe that:
· SLS doesn’t model physical procedures details, e.g. demodulation/decoding/CRC, it only calculates the revived SINR after MIMO receiver and makes the ACK/NCK decision for each physical packet through link-system interface. So accurate SINR modeling for each type of advanced receiver is important.

· There are on several aspects affecting the SNIR modelling for advance receivers:

· Different modulation and coding rate of interference transmission

· Different SIR and INR conditions

· Different receiver types, e.g. ML, symbol level SIC and Turbo-SIC
So SLS alone is not efficient and sufficient enough to evaluate the performance gain of advanced receivers in real network conditions unless a comprehensive and accurate mapping from LLS to SLS is developed which could be quite complex.     

Based on the above observations, we can see that it is not sufficient in LLS to only evaluate advanced receiver performance gain under several specific interference conditions and it is necessary to fully investigate the performance gain in realistic network conditions and later to be taken as inputs for SLS.
It is agreed that link level simulation in RAN4 will be divided into two Phase: Phase-1 is mainly to align the implement and performance of advanced receivers among different companies and Phase-2 is to evaluate their performance gain of advanced receivers with realistic assumptions. In our opinion, the realistic assumptions in phase-2 should not be over-simplified or arbitrary which may lead to underestimate or overestimate the performance gain for specific candidate receivers. The overall LLS evaluation should be good enough to provide alignment and correctly present the input to system level simulation.

Taking the above analysis into consideration, we propose that 
Proposal 1: LLS and SLS are both needed to fully investigate the performance gain of advanced receivers in NAICS SI stage, for the 2-phase LLS evaluation:
· In phase I, the target is mainly to align the implement and performance of advanced receivers among different companies

· In phase II, the target is to investigate the link level performance gain of advanced receive with realistic network assumptions

4 Interference modelling
In this section, we will discuss the remaining issues for phase 1 and 2 evaluations. 
4.1 Interference modeling for phase 1

Regarding the assumptions for Phase 1, we suggest to also adopt 16QAM 1/2 as the baseline for serving and interference cells since 16QAM represents a larger portion of transmissions in non-full buffer traffic. Focusing on QPSK 1/3 in serving and interfering cell could potentially show overestimate the throughput gain for partial loading traffic. So the“[optional]” should be removed from Notes 3, and add another MCS combinations of {14 14}.
Proposal 2: Adopting 16QAM1/2 as one of the modulation baseline assumptions for both serving and interference cells in phase-1 evaluation
4.2 Interference modeling for phase 2
For phase-2 evaluation, it has been agreed that:
· For serving cell, using adaptive MCS/RI and OLLA
· For interference cell, dynamic ON/OFF model is needed, and FSS on the time duration and MCS/RI for each packet. According to latest Email discussion, there are several options:
· (A): Interference has a constant MCS/RI across the time and frequency domain for the duration of each packet, where the duration is calculated based on 0.5Mbytes packet size and the MCS/RI (assuming no retransmission?).

· If agreeable, still FFS on: 
· Whether the  MCS/RI is the same or different across all the packets in a simulation run   
· How to determine MCS/RI, including their mutual dependency and dependency on loading level 
· (B): Random MCS/RI across subframe and/or subband for the duration of each packet, where the duration can also be calculated based on 0.5Mbytes packet size and the random MCS/RI (assuming no retransmission?)
· If agreeable, still FFS on how to randomly determine MCS/RI on a subframe/subband basis
Regarding how to determine the ON/OFF model, we should realize that LLS in phase-2 should evaluate the performance gain under realistic network condition. Since different types of advanced receiver have various performance gains under different interference conditions, it is best to accurately model the most important dynamic aspects of the interference, e.g. the interference MCS/RI distribution and the duration distribution. Since RAN1 SLS is unable to provide accurate evaluation results, our concern on oversimplifications in LLS, e.g. uniform MCS distribution,  is that it may result in unrealistic performance gain evaluation in real network for different types of advanced receivers and mislead the receiver type selections. On the other hand, too much detailed modeling is very complicated to implement and seems unnecessary. So to strike a good balance between simplicity and reality, we propose to model the ON/OFF as the following.

Proposal 3:
· Interference MCS/RI could be fixed during the transmission of each packet but dynamic changing between packets
· Interference MCS/RI selection is based on the probability distribution from SLS
5 Conclusion
This contribution provides the analysis on methodology of inter-cell interference modeling, and the following proposals are given:
Proposal 1: LLS and SLS are both needed to fully investigate the performance gain of advanced receivers in NAICS SI stage, for the 2-phase LLS evaluation:

· In phase I, the target is mainly to align the implement and performance of advanced receivers among different companies

· In phase II, the target is to investigate the link level performance gain of advanced receive with realistic network assumptions
Proposal 2: Adopting 16QAM1/2 as one of the modulation baseline assumptions for both serving and interference cells in phase-1 evaluation
Proposal 3:

· Interference MCS/RI could be fixed during the transmission of each packet but dynamic changing between packets
· Interference MCS/RI selection is based on the probability distribution from SLS
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