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1
Introduction
The Rel-12 SI on CRS-IM [1] addresses the CRS-IM performance for homogenous deployments.  System simulations shall be performed to study interference profiles under partial load networks, and to evaluate system gain of CRS-IM.  This contribution addresses the system level simulation for the study of interference profile under partial load networks.  

In this contribution, following the Rel-11 advanced receiver study [2] and WF [3] of last RAN4 meeting, system simulation results are provide to define interference profile under bursty traffic model.  A simplified system simulation approach is proposed to differentiate CRS interference from PDSCH interference without explicitly simulating CRS.  The interference modeling for link level study is also discussed in a companion contribution R4-132185 [5].
2
Geometry cdf distribution
Based on the WF for CRS-IM system evaluation [3], the geometry (G-factor) cdf distribution with full load is shown in Figure 1, for calibration purpose.  The G-factor curve is based on 3GPP Case 1 with 3dB HO bias.  
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Figure 1    Geometry cdf distribution with full load

3
Analysis of PDSCH traffic with partial load
Based on the SID [1], bursty traffic model should be considered to investigate the interference profile under homogeneous network deployment.  The non –full buffer FTP traffic Model 1 (define in [4]) is part of the system level simulation assumptions [3].  The file size for the FTP traffic Model 1 is 2Mbye.  The user arrival rates 
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should be controlled to yield desired average resource utilization (RU) ratios of 0%, 10%, 20%, 30%, 40%, 50%, and 100%, based on the agreed assumptions in [3].

Let’s investigate the PDSCH traffic for a single cell under the bursty traffic model.  When the serving queue at the eNB is not empty, a scheduler at the eNB will allocate resource (PRBs) for desired UEs.  An efficient scheduler will usually assign all PRBs for serving traffic as long as the queue is not empty.  In a partial load network, the serving queue of one eNB will be empty at certain time, resulting in no PDSCH traffic.  The PDSCH traffic of a single cell is either ON with full bandwidth allocation, or OFF, with no PDSCH transmission, depending on the availability of UE traffic in the cell.

Independent from PDSCH transmission, CRS transmission in the network is always present.  If no CRS power boosting is applied, Tx power of CRS is identical to PDSCH Tx power when there is traffic in the cell.  When there is no PDSCH traffic (RU=0%), CRS will become the dominant interference source in the network (if control channels are not considered).

Resource utilization (RU) ratio captures the statistic utilization of network resource as the ratio of utilized PRBs over the total number of PRBs for all cells in the network, as defined in [4].  Given a fixed file size and a fixed user arrival rate 
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for the FTP traffic Model 1, the RU ratio is a random variable, depending on the queuing size and scheduler implementation at eNB.  Figure 2 shows the cumulative distribution function of RU ratios with three arrival rates at 
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=0.8, 0.5, 0.3 user/per cell.
At one TTI, the RU ratio captures the collection of resource utilization for all cells in the work.  Some eNB cells may have traffic with RU ratio =1; while some cells have not traffic at all with RU=0, at a given TTI.  The value of RU ratio, at one TTI, is equivalent to the percentile of cells with traffic in the network.  For example, RU=0.2 indicates that 20% of cells in the network have traffic at one TTI, in average.
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Figure 2    Cumulative distribution function of RU ratios with three user arrival rates
4
System simulation methodology to derive of interference profile
System simulation shall be used to derive the interference profile of the network with partial load.  The interference profile, as indicated in [3], is the set of {Es/Noc, D1/Noc, D2/Noc}, which are the combination of SNRs of desired signal and two dominant interferers.  For the purpose of CRS-IM study, it is quite crucial to separate the CRS interference profile and the PDSCH interference profile from the system-level simulation.

In a fully loaded network, CRS interference profile is identical to PDSCH interference profile, provided that no CRS-boosting is used.  The Tx power of CRS is the same to the Tx power of PDSCH at the RE level.   System simulation may capture the interference profile without differentiation of CRS and PDSCH interference.

If the network is not fully loaded, the interference profile of CRS and PDSCH will be different.  This can be visualized in Figure 3.  If the two interference cells have about 30% load, in average about 30% of PDSCH subframes has traffic, as illustrated in Figure 3 as Cell-1 and Cell-2, where shaded subframes represent traffic subframes.  The victim cell, Cell-0, will experience different PDSCH interference at different TTI.  The interference may come from both cells, single cell (either Cell-1 or Cell-2), or none at all.  The PDSCH interference is not persistent due to the bursty nature of network traffic.

Even though PDSCH interference from any cell is not persistent in a partial load network, CRS interference is always persistent.  This makes the difference between CRS and PDSCH interference.


[image: image6.emf]Cell-1

Cell-2

Cell-0


Figure 3    Exmaple: two dominant interference cell with partial load of 30%
If the system simulation captures interference power at TTI level over all subcarriers, it would be difficult to differentiate CRS and PDSCH interference in the partial load network.  In order to differentiate CRS and PDSCH, the system simulator should capture interference power at RE level, or at the subcarrier level per OFDM symbol.  However, this level of detailed simulation needs more memory and CPU MIPS.  Given the short schedule for this SI, it is desirable to have a simple approach to differentiate CRS interference from PDSCH interference in the system-level simulation.
5
Simplified interference modelling approach for partial load network
Based on the previous discussion, the interference profile under a partial load network shall differentiate CRS and PDSCH interference.  Ideally, the system simulator should be able to capture the CRS interference from the PDSCH interference by tracking RE-based interference power, for the network with a given traffic load.
Alternatively, we propose a simplified approach to capture CRS interference and PDSCH interference without explicitly capturing CRS RE power.  This approach shall only be used to derive interference levels from system-level simulation.  The derived interference levels will define the working point for the link-level study to evaluate potential gain of CRS-IM.

This approach shall follow these steps:

1. capture the CRS interference profile with full-buffer traffic model; and

2. model PDSCH interference based on the RU statistics.

For a fully loaded network, as discussed in previous sections, CRS interference profile is identical to the PDSCH interference profile.  The captured dominant interference levels of the fully loaded network can be considered as the CRS interference levels.  When the traffic of the fully loaded network is reduced, CRS interference is still persistent in the network and the dominant interference cells will not likely change.  We may assume that the CRS interference profile with partially loaded traffic is similar to the CRS profile with fully loaded traffic.  This serves as a simplified approach to define the CRS interference levels from dominant interference cells.
The PDSCH interference profile shall be captured with the RU statistics for various traffic load.  At one TTI, if a dominant PDSCH interferer is present, the interferer power level will be identical to its CRS power level; and if the interferer is absent, no interferer will be modelled.  The detailed setup of link-level simulation is discussed in the companion paper R4-132185 [5].
5.1
Results of interference profile from system simulation
Based on the simplified interference modelling, the results of interference profile from system simulation are provided in this subsection, following the side condition in the WF document [3].

Figure 4 shows the cdf of (Es/Noc, D1/Noc, D2/Noc) from system simulations.
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Figure 4    Cumulative distribution function of (Es/Noc, D1/Noc, D2/Noc)
Based on the Es/Noc distribution, pick 10% of Es/Noc curve ( Es/Noc=4.5dB.  Use Es/Noc=4.5dB as the operation point to derive dominant interferers.  The conditioned cdf of D1/Noc and D2/Noc are shown in Figure 5, with the tolerance of ±0.2dB.
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Figure 5    Conditioned cdf of D1/Noc and D2/Noc, at Es/Noc = 4.5dB

The median of conditioned D1/Noc and D2/Noc are (2.0dB, -2.8dB) respectively.  This yields the interference profile at (Es/Noc, D1/Noc, D2/Noc) = (4.5, 2.0, -2.8)dB.
If 5-percentile D1/Noc bins are used, the (D1/Noc, D2/Noc) profiles can be calculated based on the cdf in Figure 5.  The (D1/Noc, D2/Noc) list is shown in the Annex A.
The interference profile derived from the system simulation can be applied to link-level study.  The companion contribution R4-132185 [5] discusses the detailed modelling to evaluate link-level performance for CRS-IM.

6
Summary
System simulation results are provided in this contribution to address the interference profile for partial load bursty traffic networks.  System simulation results of Geometry distribution, RU distributions with various loads, unconditional distribution of (Es/Noc, D1/Noc, D2/Noc), and conditioned (D1/Noc, D2/Noc) at Es/Noc=4.5dB are presented.  A simplified system simulation approach is proposed to differentiate CRS interference from PDSCH interference without explicitly simulating CRS.  A tentative interference levels are obtained at (Es/Noc, D1/Noc, D2/Noc) = (4.5, 2.0, -2.8)dB, when median D1/Noc and D2/Noc values are used.  Based on the system-level discussion, the derived interference levels shall be used for link-level study, as discussed in the companion contribution R4-132185 [5].
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Annex A
The conditioned D1/Noc, D2/Noc at Es/Noc=4.5dB with 5% bins:
	Bin
	D1/Noc
	D2/Noc

	1
	-4.7
	-5.7

	2
	-2.8
	-4.2

	3
	-1.8
	-3.6

	4
	-1.0
	-3.3

	5
	-0.4
	-2.9

	6
	0.1
	-2.7

	7
	0.5
	-2.5

	8
	0.9
	-2.4

	9
	1.3
	-2.1

	10
	1.8
	-2.0

	11
	2.3
	-1.6

	12
	2.9
	-1.4

	13
	3.4
	-1.0

	14
	4.0
	-0.8

	15
	4.6
	-0.3

	16
	5.2
	-0.1

	17
	5.7
	0.6

	18
	6.3
	0.8

	19
	6.7
	1.1

	20
	7.3
	1.6
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