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1
Introduction
A new WID on BS MMSE-IRC is approved in RAN #66 [1] to study UL IRC (interference rejection combining) for new BS specification.  Based on the WID, the objectives of the WI are:

The work should fulfil the following objectives:

· Phase I
· Identify target deployment scenarios and agree on relevant network parameters. Both homogeneous deployment (macro cell only) and heterogeneous deployment (co-channel between macro cell and low power node) should be considered.
· Conduct system-level simulation to determine the inter-cell interference modelling methodology and other side conditions needed for link-level simulation, and link-level simulation to evaluate gain of MMSE-IRC over baseline receiver (MMSE receiver)
· Phase II 
· LTE BS MMSE-IRC receiver shall be assumed as the reference receiver structure for specifying the requirements.
· Demodulation RS based MMSE-IRC receiver can be considered as baseline, and practical and realizable implementation should be taken into account.
· Specify the enhanced demodulation performance requirements for verification of BS receiver’s ability on inter-cell interference suppression.
· For PUSCH, specify enhanced demodulation performance requirements based on the reference receiver.
· For PUCCH, with lower priority, determine whether to specify enhanced demodulation performance requirements based on the reference receiver.
· Specify the enhanced conformance test requirements.
Note: The enhanced demodulation performance requirements only apply to the base station capable of MMSE-IRC receiver.
A phased approach is approved for the study and specification on BS performance with MMSE-IRC receiver, based on the WID.  Phase-I, similar to a generate SI phase, is to study potential deployment scenarios with system-level simulation and link-level simulation.  Phase-II is the specification phase to define requirements based on agreed interference profiles of Phase-I.  Following the WID, we study UL interference modeling for the Phase-I study in the contribution.
Investigation of UL interference of certain network deployments is essential for evaluation of BS MMSE-IRC performance.  Unlike conventional MMSE receiver, MMSE-IRC provides capability to mitigate interference with spatial domain processing cross multiple Rx antennas.  The MMSE-IRC performance depends on the interference properties.  Modeling of the UL interference for typical LTE deployment will be the crucial to understand the MMSE-IRC performance.  
In this contribution, the evaluation methodologies on the LTE UL interference are proposed.  The proposed interference modeling is based on the Rel-11 DL MMSE-IRC study [2].  UL interference, similar to that of DL interference, could be evaluated with DIP (Dominant Interference proportion) profiles.  System simulations shall be used to evaluate DIP profiles under interested network deployment scenarios.  
2
UL Interference Modeling
The implementation of interference rejection combining (IRC) for LTE UL utilizes multiple Rx antennas to mitigate interference in uplink transmission from other UEs.  The general algorithm of IRC is well known [2]; however, the UL interference has not been specified in 3GPP RAN4.  The UL interference is critical to evaluate the potential gain of IRC and thus RAN4 shall study the UL interference in various network deployment scenarios.
Following similar methodologies for DL interference study [2], we can re-use the concept of dominant interferer proportion (DIP) ratio to capture UL interference.  Different from DL case, UL interference is from co-channel UEs.  The property of UL interference could be much different from DL interference; however, interference modeling can be re-applied generally.
2.1
DIP definition

Similar to the interference measures used for DL study [2], the UL interference statistics can be evaluated by geometry 
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, and DIP (Dominant Interferer Proportion) ratios.  The UL geometry at one BS shall be defined as,
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where 
[image: image3.wmf]ˆ

orj

I

 is the average received power from the 
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-th strongest UE, 
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 indicates the average received power from the serving UE, 
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 is the white noise power over the received bandwidth, and 
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 is the total number of UEs (including the serving UE), that have “significant impact” to the interest BS.  The “significant impact” is a design parameter, which usually is determined by a threshold used in system simulator.
For a synchronized network, the DIP of the 
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-th strongest interference is defined as
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where 
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 is the average received power from the 
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-th strongest UE.  The total interference and noise is denoted as
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If there are asynchronous network in the system, the similar treatment used in [2] can be applied to the DIP ratios as well.

We propose to use DIP ratio for the UL interference modeling.
Proposal 1: Use dominant interferer proportion (DIP) ratio to model UL interference.

2.2
Unconditional and conditional DIP profiles on certain geometry points

With the DIP definitions, system simulations will be carried out to capture DIP ratios in a network.  The cumulative DIP distribution for all BS can be captured for the top-
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 dominant UL interference.  The DIP distributions can be denoted as 
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 is to be decided through simulation.  The DIP distributions can provide an overview on the UL interference, typical number of dominant interferers and their values.  
Since MMSE-IRC is usually evaluated at certain SNR, the DIP distribution for a given geometry point 
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 shall be also captured.  The conditional distribution, denoted as 
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 is a conditional distribution of the 
[image: image19.wmf]i

-th DIP given a fixed 
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.  The conditional DIP is also used for DL interference profile [2].
Both unconditional DIP profiles and conditional DIP profiles shall be evaluated through system simulation.  Companies shall provide DIP profiles for calibration.  With the system simulation results, we may determine the fixed geometry points and corresponding DIP profiles, so that link-level simulation can be performed to evaluate potential MMSE-IRC gain.
In summary, the method to evaluate the UL interference in RAN4 shall be followed as
1. Given a network deployment scenario, use UL system simulation to capture UL DIP profiles that include both unconditional DIP distribution and conditional DIP distributions at certain geometry point.

2. Calibrate DIP profiles from companies.  The output will be a list of DIP profiles with geometry.

3. Use uplink link simulator to evaluate MMSE-IRC performance based on the given DIP profiles.  The IRC gain shall also be evaluated with comparison to that of MMSE receiver.

We propose to use this method to study the UL interference at Phase I period for the WI.

Proposal 2: Use system simulation to capture UL DIP profiles through unconditional DIP distributions and conditional DIP distributions.
3
Conclusion
Based on our discussion, we propose that Phase I study of the WI shall use DIP profiles as the UL interference modeling for BS MMSE-IRC.  RAN4 shall determine system simulation assumptions so that system-level simulation campaign can be followed to capture DIP profiles.  Further DIP profiles and geometry points could be determined from system simulation so that link simulation can be performed to evaluate potential gain of BS MMSE-IRC.
Proposal 1: Use dominant interferer proportion (DIP) ratio to model UL interference.

Proposal 2: Use system simulation to capture UL DIP profiles through unconditional DIP distributions and conditional DIP distributions.
The assumptions for system level simulations are discussed in the companion contribution [3].
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