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1 Introduction

During email discussion it was agreed to provide link level simulations according to phase I and II. The aim of phase I is to align the simulations among companies, while simulating more extensive cases during phase II, in order to reach conclusions and provide guidelines about the different receivers to RAN 1, [1].
This document discusses some of the open points related to the modelling of the inter cell interference for the purpose of link level simulation results.

In particular we address the issue related to the choice of MCS relative to the ON-OFF pattern for phase II simulation work. 

2 Discussion
We think that the scope of the work in RAN 4 is to define a certain set of receiver structure which potentially provides gains in inter/intra cell interference scenarios. RAN 4 will need to provide information about the required level of assistance in order to achieve (fraction of) gains. 

RAN 1 will then use the guidelines from RAN 4 in terms of receiver structure in order to run system level simulations to understand the overall cell throughput gain associated to this feature with the subset of receivers identified by RAN 4. 

This is very well described in the SID, [2]

1. (RAN1) For data/control channels of interest,  identify and agree on realistic deployment scenarios and co-channel inter- and intra-cell interference conditions (including corresponding network/transmission parameters)  for evaluating different interference cancellation (IC) or interference suppression (IS) receivers, including the following two main scenarios:

· Intra-cell interference resulted from current SU-/MU-MIMO operation 

· Inter-cell interference based on deployment scenarios prioritized in Rel-11, taking into account scenarios, once defined, under Rel-12 WIs/SIs such as small cells.

2. (RAN4) Identify reference IS/IC receivers with and without network assistance, and evaluate their performance/complexity trade-off and implementation feasibility  

· Analyze complexity and feasibility of basic receiver structures 

· Receiver structures based on linear MMSE IRC, successive interference cancellation, and maximal likelihood detection are considered as a starting point for reference IS/IC receivers

· Work can be conducted in parallel to step-1

· Based on the RAN1 scenarios agree on co-channel inter- and intra-cell interference models for link-level simulation 

· Evaluate the link-level gain over baseline Rel-11 linear MMSE-IRC receivers and Rel-11 non-linear receivers required for FeICIC

· Indicate (to RAN1) assumptions on the network assistance information for the evaluated receivers under possible network coordination 
3. (RAN1) Study and evaluate the feasibility and potential system level gain as well as specification impact of further advanced receiver:

· Develop system level modelling methodologies for the IS/IC receivers identified in step-2 including input from RAN4 on relevant impairments

· Evaluate the system-level gain of advanced receivers over LTE Rel-11 receivers 

· Identify any physical layer changes and network signalling needed to achieve the system level gain.

· Trade-off study between gain, robustness, and signalling/coordination complexity. If significant gain is identified for solutions with network assistance compared to solutions without network assistance, study the system and specification impact of network-assisted IS/IC

· Work can start at different time for different reference receivers 

So at the end of this study RAN 4 will need to provide to RAN 1
· The set of receivers with identified potential gains 

· The level of assistance needed in order to achieve a tradeoff between gains and complexity

Depending on the assumptions done during the study the gains achieved by certain receiver type varies and on top of that the amount of network assistance and network scheduling restriction needed to achieve the potential gains varies considerably.

Hence it seems primordial that RAN 4 considers valid assumptions to evaluate the gains in order not to underestimate or overestimate the gains of the candidate solutions or over/under specify needs in terms of signalling.
For example the choice of dominant interferers profile and the number of interferers influence a lot the potential gains, as shown in Figure 1 depending on the receiver type.
RAN 4 has done analysis on this aspect is order to consider realistic assumption for the dominant interferers profile conditioned on certain geometry (see email discussion). This is highly beneficial as it will allow selecting typical conditions depending on the geometry of interest.
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Figure 1. Gains for several DIP values with one or 2 interferers.
The choice of the TM for the interferer and the serving cell as well influences a lot the gains considered, as well as the rank selected as shown for example in Figure 2 where we show  TM3 and  TM 4 results  with rank 1 and 2.
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Figure 2. TM3 and TM4 for rank 1 and rank 2 NC
The same is valid for the selection of the MCS.
The choice of fixed vs variable MCS during the burst will affect the performance.

The results RAN 4 obtains during the study item phase will be used in order to define the trade-off between performance gain and network signalling overhead. Hence, care should be taken when defining the simulation assumptions as these may lead to the need for high amount of network assistance and restrictions in the NC in order to achieve good portion of the estimated gains. This overhead and restriction will eventually lower the overall cell throughput gains. 
RAN 4 considers in phase I fixed MCS for both the interferer and the serving cell and in phase II instead OLLA is modelled for the serving cell but the interferer still have fixed MCS.
Figure 3 shows the results obtained when several modulations are considered and when random MCS is considered.
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In general the NCs will have a link adaptation implemented and hence MCS and rank will change according to feedback reports, reporting mode, scheduling mode, SNR conditions of the interferers etc etc. Constraining the NC to have fixed MCS during the burst in order to achieve the gains estimated by the analysis may have severe impact on the overall network performance. 
Before starting phase II, when gains are used in order to define network assistance needs, system level simulations are needed in order to define proper statistics in terms of MCS and rank.

For each scenarios and target geometry region, the interference profile is determined according to different percentile, I1/Noc(RU)@x%-tile, together with the median I2/Noc(RU). For the values which will be prioritized, system level simulations can be considered for the two dominant interferer to define the statistic of the MCS and RI reported by users which experience the above mentioned SINR levels.

For scenario 1 the same exercise was conducted for MMSE-IRC receiver for the RI through system level simulations and the following was obtained:
Rank probability: TM3/4: 20/80 split of rank 2/1; TM9: 30/70 split of rank 2/1
The same should be considered here for scenario 2 for RI and for MCS for both scenario 1 and scenario 2.

Note that for MMSE-IRC the choice of the MCS was not affecting performance as much as for NAICS receiver, and hence the choice of fixed MCS has been considered as acceptable.

Hence the following is proposed:

Proposal 1:  Before starting phase II, when gains are used in order to define network assistance needs, system level simulations are needed in order to define proper statistics in terms of MCS and rank. According to the system level simulation results, approximations can be considered in order to simplify the set up (i.e. 2 or three MCS can be selected which can be applied during the burst duration according to the statistic).
3 Conclusions
In this document we have discussed some open points related to link level assumptions for phase II. The following is proposed:
Proposal 1:  Before starting phase II, when gains are used in order to define network assistance needs, system level simulations are needed in order to define proper statistics in terms of MCS and rank. According to the system level simulation results, approximations can be considered in order to simplify the set up (i.e. 2 or three MCS can be selected which can be applied during the burst duration according to the statistic).
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