Page 1

3GPP TSG-RAN WG4 Meeting #67

R4-132285
Fukuoka, Japan, 20 - 24 May, 2013
Agenda item:
9.7.3
Source:
Intel Corporation
Title:
Discussion on interference models for LTE NAICS link-level simulations
Document for:
Discussion
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 agree on the methodology and parameters for further link-level simulations of IS/IC receivers, including the definition of co-channel inter- and intra-cell interference models. The respective models should be defined with respect to the deployment scenarios and system-level simulation assumptions recently agreed by the RAN1 WG [2], [3].
In this contribution, we provide our views on the interference models for LTE NAICS link-level analysis focusing on the main aspects that should be taken into account by the RAN4 WG. In particular, the interference modeling methodologies for inter-cell and intra-cell MU-MIMO interference scenarios are discussed.
2. Intra-cell MU-MIMO interference scenario

For intra-cell MU-MIMO interference scenario, the inter-user interference levels may vary depending on the eNB scheduler implementation. Meanwhile, the efficiency of the IS/IC receivers substantially depends on the considered inter-stream/user interference level and MCS level. The MU-MIMO link-level modeling methodology may include some simplified abstraction of the eNB scheduler implementation and applied transmit precoding for MU-MIMO (e.g. ZF of UE beamforming weights). However, it will unlikely accurately represent the practical interference environment. So the methodology for realistic link-level MU-MIMO interference modeling is not straightforward and thus requires further discussion in RAN4 WG in a sense that common approach should be used among all companies. If the respective link-level methodology is not agreed, it would be difficult to compare the results and make the final conclusions. Additionally, the IS/IC receiver structures considered in application to the inter-cell interference scenario may be applied for intra-cell scenario without noticeable limitations, so the RAN4 WG may proceed with inter-cell interference analysis first. 
Proposal 1:
Focus on the inter-cell interference scenarios first and further discuss the intra-cell MU-MIMO scenario priorities and interference modeling methodology.
3. Inter-cell interference scenario
The following important aspects need to be defined for further link-level studies of the IS/IC receivers in application to the inter-cell interference scenario: 
· Interference power profile;
· Number of explicitly modeled interferes;

· Interference traffic modeling;

· Useful and interference signal MIMO rank;

· Useful and interference signal transmission mode and MCS;
· Impairments.
To define realistic interference signal modeling parameters, system-level evaluations of the interference environments for the identified LTE NAICS deployment scenarios are required. Below we provide our views on the methodology to define the interference profiles and other related link-level modeling aspects. In the companion contribution [4] we provide the results of the system-level analysis of interference profiles based on the methodology described below.
3.1 Interference power profile
In previous RAN4 studies of inter-cell interference environments, the Dominant Interferer Proportion (DIP) ratio metric was used to characterize the network interference power profile statistics [5], [6]. The DIP metric is defined as the ratio of the interference power to the total interference and noise power. The DIP statistics is measured from the static system-level simulations and further applied in link-level evaluations to define the interference signal power levels. The same methodology may be applied for the LTE NAICS SI to define interference profiles for link-level studies. 

In the past, the RAN4 WG used the two methods to define interference profiles for link-level studies. These methods are based on DIP statistics measured using static system-level simulations [5], [6]: 
a) Interference profile based on median DIP values;
b) Interference profiles based on weighted average throughput gain. 
As indicated in [5], the median DIP approach may provide rather pessimistic results. So the alternative “weighted average throughput gain” methodology was adopted for deriving the interference profiles in [5] and [6]. The latter method is based on the evaluation of the IC receiver throughput gains for multiple DIP profiles corresponding to different CDF levels of dominant interferer. In particular, multiple DIP profiles are defined for each 5 percentile interval of the DIP1 CDF based on the average of all of the values that fall within that bin. The resulting interference power profile is the DIP profile which has the throughput gain closest to an average throughput gain.
For the LTE NAICS SI link-level studies it is recommended to take into account different DIP profiles and do not limit the analysis by median DIPs only. At the same time, it is important to note that the applicability of the “weighted average throughput gain” approach is not straightforward due to relatively large set of considered IS/IC receivers. So, further discussion on the interference profile selection methodology is needed in RAN4 WG. 
Proposal 2:
Use DIP methodology for characterization of inter-cell interference signal power profiles. Further discuss the exact methodology to derive the interference power profiles for link-level studies from the DIP system-level statistics. Consider alternatives to the median DIP methodology. 
3.2 Number of interferers
The comprehensive system-level DIP analysis should be provided for a relatively large number of interferers (e.g. eight dominant interferers). However, for link-level studies the choice of the number of explicitly modeled interfering signals (i.e. non-AWGN) should be based on a reasonable trade-off between the simulation complexity and accuracy. It is recommended that the number of explicitly modeled interference signals in link-level studies is determined to represent at least 75% of the total interference power.
Proposal 3:
For link-level analysis, explicitly model the dominant interferers that contribute more than 75% share of the total interference power.
3.3 Interference traffic modeling
The LTE NAICS studies assume FTP traffic modeling. However, the methodology for the DIP interference power profile analysis for the non-full buffer model was not discussed and explicitly defined by the RAN4.
The instantaneous interference environment significantly depends on the number of simultaneously active transmissions in the network. The full modeling of the FTP traffic, scheduler algorithms, transmission modes and receiver algorithms may lead to misalignment of interference profiles from different companies. Hence, for the RAN4 DIP analysis the simplified non-full buffer traffic modeling approach which would emulate partial network resource utilization in static simulations can be considered.

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. The full transmission of a single FTP packet occupies multiple frames. Thus the situations with partial subband utilization occur relatively rare. Additionally, the interference environment is not expected to change each subframe. So, for DIP system-level evaluations the non-full buffer FTP traffic model may be roughly emulated via partial eNB activation model. In particular, the eNBs may be assigned to be active or non-active with probability equal to the considered network resource utilization ratio.
In accordance to this simplified approach, the measured DIP values will implicitly include the traffic loading assumptions. So, when using for link-level simulations the interference signals power should be set in accordance to the DIP corresponding to the analyzed network resource utilization while the actual signal resource utilization in time/frequency should be set equal to 100%. 

Proposal 4:
Consider using simplified methodology for interference modeling in case of non-full buffer traffic:

· For DIP system-level evaluations, the non-full buffer FTP traffic model is emulated via partial eNB activation model for a given partial network resource utilization ratio (e.g. 50%);
· Link-level analysis for different network resource utilization scenarios is done in the assumption of using the corresponding DIP profile and 100% interference signal resource utilization in time/frequency.
3.4 MIMO rank distribution
Useful and interference signals rank distribution is an important factor which has substantial impact on the efficiency of different receiver schemes. 

For the useful signal, it is reasonable to separately consider scenarios with rank 1 and rank 2 transmissions. The rank 2 is likely to be the case for the cell-center UEs or when small cells are considered.

For the interference signal, the MIMO rank statistics should be based on the full system-level evaluations statistics. However, this depends on the assumed antenna configurations, resource utilization and what is more important it will depend on the assumed receiver structure. So the results may significantly vary and it may be reasonable to analyze various MIMO rank distribution scenarios, such as:

· Mix of rank 1 and rank 2 interference transmissions;

· 100% rank 2 interference transmissions.

Proposal 5:
Provide separate analysis for different MIMO rank statistics of useful and interference signals.
3.5 UE geometry
In Rel.11 LMMSE-IRC receiver studies, the analysis was focused on cell-edge UEs and the group defined a single set of DIP values for all considered cell-edge geometries. However, the LTE NAICS IS/IC receiver structures should be applicable to improve the performance of UEs in different interference conditions. So the analysis should not be limited by the cell-edge UEs only and cell-center UEs with medium and high geometries need to be taken into account. 
Proposal 6:
Consider both cell-edge UEs with low geometry and cell-center UEs with medium/high geometries.
3.6 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 [7]. The frequency error between the useful and interference signals observed at the UE side is due to non-ideal frequency synchronization of eNBs and Doppler fading. The respective time error depends on the non-ideal time synchronization of eNBs 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 7:
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.
3.7 Transmission modes and parameters

The following additional aspects of the transmission parameters for the link-level studies may be highlighted:

· The IS/IC receivers should be applicable for both CRS and DM-RS based transmission modes so the respective useful and interference signal models need to be considered. 
· The efficiency of using different candidate IS/IC receiver structures is likely to be significantly dependent on the transmissions schemes (modulation, code rate) used for both useful and interference signals. So different combinations of useful and interference signal MCSs should be considered.
· In practical situations useful and interference PDSCH transmissions are not perfectly aligned due to different PDSCH resource allocations, non-colliding CRS, different PDCCH regions, etc. However, the ideal alignment of useful and interference signals may be recommended, at least at the beginning.

· Closed-loop beamforming model based on PMI feedback should be assumed for the useful signal. For interfering signals random beamforming approach may be applied. The granularity of the beamforming variation in time/frequency is FFS.
· For the sake of results convergence, the analysis may be provided for fixed MCS levels, since the link adaptation algorithms for the considered IS/IC receivers may significantly vary among the companies making difficult to compare the results and come to common conclusions.
4. Conclusions

In this contribution we have provided our initial views on interference models for LTE NAICS link-level studies and make the following proposals:

Proposal 1:
Focus on the inter-cell interference scenarios first and further discuss the intra-cell MU-MIMO scenario priorities and interference modeling methodology.
Proposal 2:
Use DIP methodology for characterization of inter-cell interference signal power profiles. Further discuss the exact methodology to derive the interference power profiles for link-level studies from the DIP system-level statistics. Consider alternatives to the median DIP methodology. 
Proposal 3:
For link-level analysis, explicitly model the dominant interferers that contribute more than 75% share of the total interference power.
Proposal 4:
Consider using simplified methodology for interference modeling in case of non-full buffer traffic:

· For DIP system-level evaluations, the non-full buffer FTP traffic model is emulated via partial eNB activation model for a given partial network resource utilization ratio (e.g. 50%);

· Link-level analysis for different network resource utilization scenarios is done in the assumption of using the corresponding DIP profile and 100% interference signal resource utilization in time/frequency.
Proposal 5:
Provide separate analysis for different MIMO rank statistics of useful and interference signals.
Proposal 6:
Consider both cell-edge UEs with low geometry and cell-center UEs with medium/high geometries.
Proposal 7:
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.
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