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1. Introduction
In RAN #59 the new Rel-12 “Study on Network-Assisted Interference Cancellation and Suppression for LTE” (LTE NAICS SI) was approved [1]. The objective of the study item is to investigate feasibility and performance of network-assisted interference suppression and cancellation (IS/IC) receivers in LTE. One of the main RAN4 WG tasks is to define methodology and parameters for link-level simulations of IS/IC receivers.
The initial agreements on the inter-cell interference modeling methodology were reached in the previous RAN4 WG meeting [2] and as the result of the recent RAN4 WG e-mail discussion [3]. At the same time, there is still a number of unresolved interference modeling aspects which need to be further addressed.

In this contribution, we provide our views on the interference models for LTE NAICS link-level analysis focusing on the details on the methodology for the inter-cell interference scenario which in our view should be the main priority for current RAN4 WG link-level studies. This contribution focuses on the methodological aspects, while the evaluation results of the interference conditions for the inter-cell scenario are provided in the companion contribution [4].
2. Interference Modeling Methodology
In the recent e-mail discussion a phased approach for LTE NAICS link-level alignment and studies was proposed. From the interference modeling perspective the proposed Phases may be characterized as follows:

· Phase 1 modeling:
· Fixed interference ON/OFF pattern in time domain;

· Implicit interference packet modeling;

· Fixed interference transmission parameters (power, MCS, MIMO rank) throughout simulations;

· Fixed useful signal MCS / MIMO rank;

· Phase 2 modeling:
· Dynamic interference ON/OFF pattern in time domain;

· Explicit interference packet modeling;

· Dynamic interference transmission parameters (MCS, MIMO rank) throughout simulations;
· Link adaptation for the useful signal transmission parameters (MCS, MIMO rank) based on OLLA.

Originally, the phased approach was proposed for the alignment purposes, but it can also be used as the common basis for further RAN4 LTE NAICS studies. So, we would like to share our considerations on the applicability and role of the respective interference modeling methodologies.

The Phase 1 modeling approach allows analysis of the IS/IC receivers’ performance under different interference conditions: interference power profiles, interference MCS and MIMO ranks, etc. The link level analysis conducted during Phase 1 can provide further insights into the IS/IC receiver performance in multiple interference environments and identify potential system scenarios where the IS/IC receivers provide performance improvements. In addition, Phase 1 may be used to draw recommendations on the required assistance information and necessary network modifications to support LTE NAICS techniques.
At the same time, the methodology proposed in Phase 2 aims to evaluate enhanced IS/IC receivers performance in dynamic “realistic” interference environments, where interference physical structure changes over the time. Therefore this methodology by definition assumes averaging over different interference environments and conditions.  In some sense, Phase-2 emulates system level analysis, where main interference parameters may change due to scheduling decisions of the neighboring eNodeBs (interferers). It has to be noted that RAN1 WG uses FTP model 1 assumptions, according to which each new arrived FTP packet is assigned to the new user.  As a performance metric RAN1 WG uses perceived packet throughput and therefore each packet is taken as a separate statistic and therefore there is no such averaging as currently being proposed in Phase 2 evaluation methodology.
Based on the recent RAN4 WG discussions it can be seen that it is rather difficult to reach consensus on the “realistic” interference environment definition due to multitude of parameters which need to be emulated for link-level analysis. From this perspective, system-level modeling (which is in the scope of RAN1 WG studies) may be a better approach to evaluate LTE NAICS performance gains in realistic interference environment. 
In summary, we think that the RAN4 WG can draw some of the conclusions on IS/IC receiver performance based on analysis of the Phase 1 results that cover multiple sets of interference environments. Furthermore, we would like to recall that one of the main goals of the RAN4 WG for the LTE NAICS SI is to understand feasible scenarios where enhanced IS/IC receivers may provide performance benefits. In our view this goal may be achieved using Phase 1 methodology. As for the Phase 2 analysis, we believe that further RAN4 WG discussion is needed to clarify the goals and motivations of such analysis, especially taking into account that system levels studies are in the RAN1 WG scope.
Proposal 1:
Continue LTE NAICSs link-level studies based on Phase 1 interference modeling methodology. Further discuss the motivation and purposes for the Phase 2 interference modeling methodology.
3. Phase 1 Interference Modeling
In this section, we provide our considerations and recommendations on some of the open items for Phase 1 interference modelling methodology, including scope of studies and prioritization of scenarios. In particular, we suggest the following:

· Interference ON/OFF patterns 
· ON/ON and ON/OFF patterns modeling should be given higher priority. The OFF/OFF scenario should be used for reference purposes only. Using OFF/ON interference pattern does not provide much additional information comparing with the ON/OFF patterns and may be deprioritized.
· Different combinations of MCS for useful and interference transmissions
· Currently Phase 1 studies consider QPSK and QAM16 based MCSs (i.e. MCS 5 and MCS14 respectively) for the serving cell. Additionally QAM64-based MCS 25 scheme should be considered in order to provide more full analysis coverage.

· Under current agreements three combinations of interference signal MCSs are used: {5,5}, {14,14} and {25,25}. To provide more detailed analysis additional MCS combinations may be taken into account (e.g. {5,14}, {14,5}, etc).
· Both CRS and DMRS based PDSCH transmission modes for useful and interference signals need to be studied. In particular, at least TM4 and TM9 need to be studied.
· The analysis should cover different interference power profiles for dominant interferer (i.e. 20/50/80 percentile of I1/Noc). The median power profiles for the second dominant interferer may be applied. The power profiles for both Scenario #1 and Scenario #2 should be investigated. Multiple SINR regions need to be considered if it is identified that interference conditions are substantially different. Otherwise reduced number of typical SINR regions can be chosen.
· Currently it is assumed that both interference cells are co-processed. The analysis should additionally cover the cases when enhanced processing is applied for one of the interferers only.

· The analysis should additionally cover scenarios with Rank 2 transmission for serving and interference cells.
· Non-colliding CRS scenario for the dominant interferer may additionally be considered.

Proposal 2:
Expand the Phase 1 modeling scenarios, as discussed in Section 3, to provide a more detailed coverage of potential interference scenarios.
4. Phase 2 Interference Modeling
As mentioned in Section 2, the motivation and scope of the Phase 2 as the RAN4 WG methodology for IS/IC receivers analysis needs to be further discussed and clarified. In this section we continue discussion on the details of Phase 2 methodology.

In the previous RAN4 #67 meeting, the explicit interference ON/OFF modeling methodology was agreed [2]. In the recent e-mail discussion, the Phased approach for LTE NAICS link-level studies was discussed with the ON/OFF interference modeling methodology being an essential part of Phase 2 studies. 
The interference signal transmission parameters (i.e. MCS, rank, packet duration) for the ON/OFF methodology were previously discussed and two main Options were identified [3]:
· Option (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.
· Option (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.
In our view, Option A is a more suitable approach for Phase 2 link-level studies. In the next set of subsections we discuss certain modifications that may be applied to Phase-2 modeling of phase 2 is agreed by RAN 4 WG. 
MCS and MIMO rank variation in time / frequency

It was previously agreed that the serving cell transmission should occupy the full BW. Such distribution reflects typical partial loading scenario with low and medium system loadings (i.e. 40%, 60%). For the typical FTP traffic parameters used in 3GPP studies, the number of UEs in a cell which simultaneously have traffic transmissions is rather low. Furthermore, there is rather large probability that there are no UEs with traffic in a cell area at given period of time. Additionally assuming rather large FTP packet size, the full transmission of a single FTP packet occupies multiple frames.
So, with respect to the MCS and MIMO rank distribution in frequency, full BW allocation can be assumed for both serving and interfering cells. Additionally, using completely random MCS and MIMO rank across subframes may not reflect the actual situation observed in the system. Thus, using constant MCS and MIMO rank across time domain for the duration of each packet is proposed.
One of the potential concerns on using the constant MCS and MIMO rank is that UE may try to perform some averaging thus offering additional gains to the IS/IC receivers. In our view, the current RAN4 analysis should restrict such UE behavior and the respective agreement can be made by the WG.

MCS / MIMO rank statistics
The overall statistics of MCS and MIMO rank may play a crucial role in the evaluation of IS/IC receivers efficiency in realistic environments. Furthermore, the actual MCS and MIMO rank statistics distribution in the agreed LTE NAICS scenarios may be rather different from the RAN4 WG assumptions for the past LMMSE-IRC receiver studies. 
For instance, the evaluated MIMO rank and modulation format selection statistics for the LTE NAICS scenarios 1 and 2 (with 4 Small cells) with 2x2 antenna configurations are shown in Table 1 and Table 2, respectively. The results indicate that LTE NAICS scenarios are characterized by relatively high probability of MIMO Rank 2 selection due to using cross-polarized antennas and reduced system loading which favors multi-rank MIMO transmission modes. Additionally, the results show non-uniform modulation (and MCS) distribution in the system which is also an important factor if realistic environment needs to be emulated.
Note that in accordance to the RAN1 WG agreements the target RUs is defined as follows: Resource utilization factors: 40% and 60% mandatory, 20% and 70% optional average resource utilization across all cells in the most loaded “layer” (i.e. macros or small cells). So, for Scenario #2 analysis the target 40% RU means that Macro layer has 40% RU, while small cells have lower RU.
Table 1. MIMO rank distribution statistics

	Scenario
	Loading
	MIMO rank 1 probability
	MIMO rank 2 probability

	Scenario #1
	40%
	64 %
	36 %

	
	60%
	69 %
	31 %

	Scenario #2 (4 Pico)
	40%
	40 %
	60 %

	
	60%
	48 %
	52 %


Table 2. Modulation format distribution statistics

	Scenario
	Loading
	QPSK
	QAM16
	QAM64

	Scenario #1
	40%
	32%
	28%
	40%

	
	60%
	37%
	30%
	33%

	Scenario #2 (4 Pico)
	40%
	13%
	19%
	68%

	
	60%
	18%
	24%
	58%


Using analytical approaches it may be difficult to emulate realistic MIMO rank and MCS distribution in the Phase 2 link-level studies. One of the potential solutions is to derive MCS and MIMO rank statistics directly from the system-level simulations. However, this approach may result in additional alignment efforts among the companies and needs further discussion on the set of considered MCS points and other system-level evaluations assumptions.
PMI variation in time / frequency

It was previously agreed that the serving cell transmission uses wideband PMI which is well aligned with typical conditions in the non-full loading scenario with FTP traffic. To have consistent assumptions on serving and interfering transmissions, same parameters should be applied for the interference cells.

The enhanced IS/IC receivers’ efficiency depends on the useful and interference signals radio links quality as well as their relative power ratio. If serving cell PMI is assumed to be random then the analysis may provide incorrect insights on the algorithms performance due to reduced quality of the serving signal. So, the serving cell PMI is recommended to be chosen in accordance to the received wideband PMI feedback. For the interference cells, the PMI can be assumed to be random and fixed per packet.

Link adaptation

In case of dynamic interference environment the serving cell MCS and MIMO rank should be chosen based on the CQI/RI feedback assuming using OLLA mechanisms. In order to achieve alignment among the companies certain assumptions on the used link-adaptation mechanism should be agreed, including the reference OLLA algorithm criteria and parameters, as well as CSI reporting assumptions.

Interference ON/OFF pattern

Several options on interference dynamic ON/OFF pattern modeling (i.e. FTP packet emulation) were previously discussed. Assuming that each packet is assigned a fixed MCS / MIMO rank, several alternatives on the packet duration may be considered:
· The packet duration is calculated based on 0.5Mbytes packet size and the assigned MCS/RI;
· Fixed ON period followed by random OFF period derived based on Poisson process and a certain arrival rate. ON period duration is calculated based on 0.5Mbytes packet size and the average SE of the packet transmission;

· Fixed ON period followed by random OFF period derived based on Poisson process and a certain arrival rate. ON period duration is derived from system-level simulations for each scenario and RU.
In the first case, each packet will have its own duration which depends on the assigned MCS and MIMO rank. This approach rather well emulates the realistic FTP traffic behavior; however, the methodology to keep the target RU in link-level studies is not straightforward. In the second and third approaches the packet duration in time is assumed to be fixed, while the OFF period duration may be derived from target RU. The difference between approach 2 and 3 is the procedure to derive packet duration – either from fixed SE or from the system-level analysis. In terms of system-level analysis, the packet duration will significantly depend on the FTP packet scheduler strategies (e.g. PF, FIFO) and exact parameters alignment may be difficult. So, our recommendation is to use the second approach and derive packet duration based on the average SE.

Macro/Small cells differentiation for Scenario 2a/b
For the NAICS Scenario 2 Macro and Small cells layers may have different RU. This factor along with different Macro and Small cell equipment models and other deployment specific parameters may result in different interference transmission parameters for Macro and Small cells, including average packet transmission duration, MCS and MIMO rank distribution and others. In our view, this effect may not be taken into account in the scope of current RAN4 link-level studies and is recommended to be addressed via system-level studies. Hence, averaged Macro and Small cell interferer characteristics may be considered for link-level studies.
Summary

In summary, the emulation of realistic interference environment in link-level studies for non-full buffer case is non-trivial task and may require substantial efforts on the alignment the respective parameters with the help of system-level evaluations. Using SLS modeling may be considered as a valid alternative for the LTE NAICS analysis in near realistic environments. Based on the presented discussions we have the following proposals on the Phase 2 interference modeling methodology:
Proposal 3:
In case if Phase 2 modeling methodology is considered for further studies, use the following assumptions:
· Interferer MCS and MIMO rank is fixed across the time and frequency domains for the duration of each packet;
· Interferer MCS and MIMO rank statistics is derived directly from the system-level simulations;
· Serving cell MCS and MIMO rank is based on OLLA;

· Wideband PMI is used for both serving and interfering cells;

· Serving cell PMI is based on wideband PMI feedback;

· Interferer cell PMI is random and fixed on a per-packet basis;

· Interference signal FTP packet duration is fixed and derived from the average SE;
· For Scenario 2a/b Macro and Small cell interference characteristics are not differentiated in the link-level studies.
5. Impairments

The link-level modeling of IS/IC receivers should take into account realistic impairments models, including the time and frequency difference between useful and interference signals [5]. The frequency error between the useful and interference signals observed at the UE side is due to non-ideal frequency synchronization of eNodeBs and Doppler fading. The respective time error depends on the non-ideal time synchronization of eNodeBs and propagation time difference of useful and interference signals.

The statistics of propagation time difference significantly depends on the considered deployment scenarios and on the target UE geometry. For instance, in homogeneous deployments, cell-edge UEs experience both intra-site and inter-site interference resulting in rather diverse signal arrival time difference values. At the same time, the high geometry UEs mainly have intra-site dominant interferers and the propagations time difference between the signals is negligible. So, using averaged statistics may result in unrealistic assumptions and the propagation time difference values should be defined based on the considered UE geometry.

Proposal 4:
For link-level studies, take into account realistic impairments models including the time and frequency difference between useful and interference signals.


The model for propagation time difference between useful and interference signals should be defined with respect to the target UE geometry and Scenario.

6. Conclusions

In this contribution we have provided our views on the remaining details of interference models for LTE NAICS link-level studies. In summary we have following proposals:

Proposal 1:
Continue LTE NAICSs link-level studies based on Phase 1 interference modeling methodology. Further discuss the motivation and purposes for the Phase 2 interference modeling methodology.

Proposal 2:
Expand the Phase 1 modeling scenarios, as discussed in Section 3, to provide a more detailed coverage of potential interference scenarios.

Proposal 3:
In case if Phase 2 modeling methodology is considered for further studies, use the following assumptions:

· Interferer MCS and MIMO rank is fixed across the time and frequency domains for the duration of each packet;

· Interferer MCS and MIMO rank statistics is derived directly from the system-level simulations;

· Serving cell MCS and MIMO rank is based on OLLA;

· Wideband PMI is used for both serving and interfering cells;

· Serving cell PMI is based on wideband PMI feedback;

· Interferer cell PMI is random and fixed on a per-packet basis;

· Interference signal FTP packet duration is fixed and derived from the average SE;

· For Scenario 2a/b Macro and Small cell interference characteristics are not differentiated in the link-level studies.

Proposal 4:
For link-level studies, take into account realistic impairments models including the time and frequency difference between useful and interference signals.


The model for propagation time difference between useful and interference signals should be defined with respect to the target UE geometry and Scenario.
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