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1 Introduction

In RAN4 #60 meeting and the subsequent email discussion, the interference level for eICIC demodulation requirements had been discussed. In this contribution, we further discuss this issue.

2 Interference level
2.1 Interference model

The interference model for the demodulation and CSI tests should comply with the following agreed principles:

· In [1], it was agreed that the working assumption for initial requirements is based on one interfering cell. 

· In [2], it was agreed that the SNR setting for the single interfering cell should reflect typical scenarios.

Furthermore, it was agreed in the RRM system simulation assumption that the common ABS patterns are used for all the marco cells. Basically we agree to reuse that configuration for the demodulation. For that scenario, there is one dominant interfering marco cell with the strongest power level among all the cells. The interference is the sum of all the macro cells and pico cells except for the serving pico cell, which varies with time and frequency on the ABS (almost blank subframes) and normal subframes.
On ABS, the pico UE would face three types of interferences except for the thermal noise given all the macros configured with the same ABS pattern, which are shown in Figure 1:  

· Interference type 1: the interference from all the other pico cells except for the serving pico cell;
· Interference type 2: the interference from the sum of all the macro cells due to CRS shifting except for the dominant one, which exists on the OFDM symbol #0, 4, 7, 11;
	· Interference type 3: the interference from the CRS of the dominant interfering macro cell, which exists on the REs of the OFDM symbol #0, 4, 7, 11 for transmitting those CRSes.
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Figure 1 Different interference types on the pico UE’s resource elements

It is observed that the interference levels would vary with the different REs. Even if the type 3 interference was not taken into account, the average of the interference level on the OFDM symbol #0, 4, 7, 11 would be larger than that on the other symbols in the actual network. Because the type1 and type 2 interferences were the sum of the powers from the different cells, both of them would be viewed as the external noise and modeled as the AWGN with certain levels, i.e., Noc for simplicity. And the values of Noc for type 1and type 2 interferences would be different. The type 3 interference comes from the dominant interfering macro cell and would be viewed as the time-and-frequency varying interference and explicitly modeled by using the really transmitted CRS.
It was actually accepted in RAN4 that two SNRs were defined for the working assumption: SNR for the dominant macro cell and SNR for the pico. On ABS, the SNR for the dominant macro, which is denoted as SNR_i in this paper, would be the ratio of the macro signal power averaging on CRS REs over the external noise plus thermal noise. The SNR for the pico is the ratio of the pico signal power over the external and thermal noise.
In the last meeting, there were extensive discussions on the value of SNR_i . A higher number was suggested in [4] which observes SNR_i on data region, i.e., the OFDM symbols without CRS, while a lower one was proposed in [5] which observes SNR_i on OFDM symbols with CRS, i.e., #0, 4, 7, 11. In our opinion, both two proposals would be reasonable to some extent. The power level might be the same, while the values of Noc would be different. 
In [4] the Noc corresponding to the interference type 1 plus thermal noise might be used, which could be called as Noc1. In [5] the Noc corresponding to the interference type 2 plus thermal noise might be used, which could be called as Noc2. Generally Noc2 is larger than Noc1 because the power level from macro cells is larger than that of pico cells. We define the two interference levels as SNR_i1=Es_i/ Noc1 which is for OFDM symbols without CRS and SNR_i2= Es_i / Noc2 which is for OFDM symbols with CRS, where Es_i is the transmitted power of the dominant interfering macro cell. We define the service pico cell SNR as SNR_s=Es/ Noc1, where Es is the transmitted power of the service cell. So the SIR can be defined as SIR= SNR_s/ SNR_i1. 
Figure 2 gives the system simulation results for these two types of interference levels. The detailed simulation assumptions are shown in Appendix Table 4, which is aligned with [6]. It can be seen from Figure 2 that SNR_i1 equals 10 dB and SNR_i2 equals 5dB at 50% quantile in the CDF curves respectively. 
In our opinion, we should not debate on which one of either SNR_i1 or SNR_i2 should be used. Actually both exist. The SNR settings should reflect the practical scenarios. If only SNR_i1 was used, the pico UE channel estimation would perform better than it should be, since the interference from the other macro CRS is not taken into account. If only SNR_i2 was used, the resulted performance would be pessimistic compared to that in the real network.
[image: image1.png]CDF

UEs senved by Picos (BdB)

o 10 20 30 40 50 B0
Statistic One (dB)




        [image: image2.png]CDF

UEs served by Picos (6E)

K [ 10 il Eil
Statistic Two (dB)





(a) CDF for SNR_i1                          (b) CDF for SNR_i2
Figure 2 System simulation results for interference levels

Figure 3 shows the performance of TM2 with only SNR_i1 on all REs and both SNR_i1 and SNR_i2. It can be seen from these figures that there is about 0.6dB performance gain at 70% of maximum throughput when only SNR_i1 is assumed compared to using both SNR_i1 and SNR_i2. So we propose to use both of them for the simulation assumptions, i.e., using Noc2 (SNR_i2) for 0,4,7,11 OFDM symbols and Noc1 (SNR_i1) for other OFDM symbols (data region). The simulation model is shown in Figure 4. 
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Figure 3 PDSCH performance of TM2,R11, 2X2, medium correlation, non-colliding CRS
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Figure 4 eICIC simulation model

In sum, based on the above discussion, we propose that
Proposal 1: Interference level should reflect the typical scenarios in the real network, and the different interference levels are proposed to set for 0,4,7,11 OFDM symbols and other OFDM symbols respectively when two CRS ports areused.

2.2 Interference level setting

From Figure 2, it seems reasonable to set the interference SNR_i2=5dB on 0,4,7,11 OFDM symbols and SNR_i1=10dB on other OFDM symbols. However, as for the different demodulation channels, such as PDSCH, PDCCH/PCFICH and PHICH (if needed), the interference level still need to be considered from the following aspects:

· The Interference level should be reasonable in order to achieve the desired test point, e.g., 70% of maximum throughput in PDSCH test and 1% BLER in PDCCH/PCFICH;
· Since the demodulation test was only defined on ABS and ABS is mainly used for the pico UEs within the range extension region, the SIR at the target test point should be aligned with the typical range extension value. In RAN1, it was agreed that SIR is within (-6,0) dB.

· The interference level should guarantee that the pico UE could reliably receive the MIB/SIB and pass the cell search and identification procedure to make the tests feasible.
Interference level for PDSCH test
As can be seen from Figure 3, the target SNR_s at 70% of maximum throughput for TM2 test is 9.4dB. Considering that SNR_i1=10dB, the resulted SIR is -0.6dB, which can reflect the typical scenario of cell range extension region. 
We assume that the MIB and PSS/SSS between interference cell and service cell are directly collided at subframe 0 and 5 with no subframe shifting. The proposed interference level mentioned above should be evaluated to ensure that UE could reliably receive the MIB information and pass the synchronization and access procedure. The simulation results show that the proposed interference cell can fulfill the requirements for MIB and cell identification (PSS/SSS), which can be seen from Table 1. 
Table 1 MIB and PSS/SSS performance on proposed PDSCH interference level

	Interference level & Target SNR
	BLER of MIB
	Time for synchronization (PSS/SSS)

	SNR_i1=10dB,SNR_i2=5dB,SNR_s=9.4dB
	<<0.1
	<600ms


Interference level for PDCCH/PCFICH test
In RAN4 #59AH meeting, PDCCH/PCFICH assumptions have been provided in [7], we give the simulation results in Figure 5 with the different interference levels configured. 

[image: image5.emf]-8 -6 -4 -2 0 2 4 6

10

-3

10

-2

10

-1

10

0

SNR(dB)

BLRE

4CCE, CFI=2

 

 

SNR-i2 = 5dB, colliding CRS

SNR-i2 = 3dB, colliding CRS

SNR-i2 = 1dB, colliding CRS

SNR-i2 = -1dB, colliding CRS

SNR-i2 = 5dB, non-colliding CRS

SNR-i2 = 3dB, non-colliding CRS

SNR-i2 = 1dB, non-colliding CRS

SNR-i2 = -1dB, non-colliding CRS

 [image: image6.emf]-8 -6 -4 -2 0 2 4

10

-3

10

-2

10

-1

10

0

SNR(dB)

BLER

8CCE， CFI=3

 

 

SNR-i2 = 5dB, colliding CRS

SNR-i2 = 3dB, colliding CRS

SNR-i2 = 1dB, colliding CRS

SNR-i2 = -1dB, colliding CRS

SNR-i2 = 5dB, non-colliding CRS

SNR-i2 = 3dB, non-colliding CRS

SNR-i2 = 1dB, non-colliding CRS

SNR-i2 = -1dB, non-colliding CRS


Figure 5 PDCCH/PCFICH performance

It can be seen from the left one of Figure 5 that the performance of 4CCE/CFI=2 decreases a lot because the additional AWGN noise on 0,4,7,11 OFDM symbols greatly impacts the demodulation of PCFICH and PDCCH. The configuration of CFI=3/CCE=8 can offer the more robust performance due to the skipping of PCFICH detection and more CCE resources, which can be observed in the right one of Figure 5. So PCFICH detection is proposed to skip in PDCCH/PCFICH test.

SIR can be calculated as shown in Table 2 with different interference levels. It is clear that the first three interference levels could not reflect the typical values of bias for the range expansion, while the SIR for the last one is within (-6,0)dB. Therefore we propose to use the last SNR setting for the PDCCH/PCFICH test. 

Table 2 SIR for different interference levels with CFI=3, CCE=8

	Interference level
	SIR for colliding CRS
	SIR for non-colliding CRS

	SNR_i1=10dB, SNR_i2=5dB
	-10dB
	-10.7dB

	SNR_i1=8dB, SNR_i2=4dB
	-8.6dB
	-9.3dB

	SNR_i1=6dB, SNR_i2=3dB
	-7.4dB
	-7.8dB

	SNR_i1=4dB, SNR_i2=2dB
	-5.8dB
	-6.2dB


The proposed interference level is evaluated to ensure that UE could reliably receive the MIB information and pass the process of cell identification. The simulation results show that the proposed interference level can fulfill the requirement of MIB and cell identification (PSS/SSS), which can be seen from Table 3.

Table 3 MIB and PSS/SSS performance on proposed PDCCH/PCFICH interference level

	Interference level & Target SNR
	BLER of MIB
	Time for PSS/SSS

	SNR_i1=4dB, SNR_i2=2dB, SNR_s= -2.2dB
	<<0.1
	<600ms


Based on the above discussion, we propose that
Proposal 2: SIR at the target test points should reflect the typical values of bias for the range expansion. The interference level should ensure that the pico UE could reliably receive the MIB/SIB information and pass the cell identification procedure.
For PDSCH we propose that SNR_i1=10dB,SNR_i2=5dB, and for PDCCH/PCIFICH we propose that SNR_i1=4dB, SNR_i2=2dB.
3 Proposal

The proposed proposals in this contribution are summarized as follows:

Proposal 1: Interference level should reflect the typical scenarios in the real network, and the different interference levels are proposed to set for 0,4,7,11 OFDM symbols and other OFDM symbols respectively when two CRS ports areused.
Proposal 2: SIR at the target test points should reflect the typical values of bias for the range expansion. The interference level should ensure that the pico UE could reliably receive the MIB/SIB information and pass the cell identification procedure.
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5 Appendix
Table 4 Macro-pico deployment simulation assumptions

	Parameter
	Setting

	Scenario
	· #4b(4) – configuration #4b with N=4 pico nodes per macro area

	PCI
	· All macro cells apply the same ABS pattern

	ISD
	· 500 m

	Cell selection offset
	· 6 dB

	Maximum eNodeB transmit power

· Macro 

· Pico
	· 46 dBm

· 24 dBm

Baseline: 24 dBm with conf #4b(4)

	Network synchronization
	Frame-aligned

	Number of TX ( RX antennas  
	2 ( 2 (macro and pico)

	Channel model, UE speed
	ETU, 3 km/h

	Antenna gains & configuration

· Macro

· Pico

· UE
	· three-cell, 14 dBi incl. connector loss, 3D pattern (see Table 2)

· omni, 5 dBi incl. connector loss

· omni, 0 dBi

	Path loss
	· Baseline: Model 1 [1]

Macro to UE: L= 128.1+37.6log10(R)

Pico to UE: 
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· Model 2 [1]

	Shadow fading
	Lognormal, 

std. deviation=10 dB, 

shadowing correlation between cells=0.5

	Minimum distance between pico node and macro nodes
	>=75m

	Minimum distance between UE and macro node
	>= 35m

	Minimum distance between UE and pico node
	> 10m 


	Minimum distance among pico nodes
	40 m

	UE distribution
	Uniform (macro UEs), 

clustered (pico UEs) - see below,

Nusers=60, Photspot=2/3
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