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1. Introduction

In the RAN4 #62 meeting, the overview of FeICIC performance requirements had been widely discussed. Most companies agreed that system level studies on interference scenarios should be firstly initiated. In this contribution, we share our views on system level evaluations for FeICIC demo and CSI test. And we also share our view on the related issues.
2. Discussion

2.1 System level evaluation
Based on the RAN1’s LS in [1], it seemed clear that 9 dB CRE bias and non-zero power transmission on ABS would be introduced in the FeICIC requirement. Since the value of non-zero power transmission on ABS is still for further study, this contribution only discusses the system level evaluation with zero power transmission. Compared with eICIC, CRE bias and UE receiver algorithms in FeICIC have been changed. Since only the CRE bias impacted the system level evaluation results, the same methodology in eICIC could be applied for the evaluation of the FeICIC interference model and interference levels. The proposed system level simulation assumptions in FeICIC can be summarized below:

· Only one dominant interference macro cell and one serving pico are assumed.
· All macros configure the same ABS pattern.
· Detailed assumptions for macro-pico deployments are depicted in [2]. 

· CRE bias is limited within 9dB.
2.2 System evaluation results
In the eICIC demodulation and CSI tests, since all macros configured the same ABS pattern, there would exist the different noise floors between CRS OFDM symbols (#0,4,7,11) and data OFDM symbols (#1,2,3,5,6,8,9,10,12,13) on ABS. The evaluation methodology and statistics have been extensively discussed in [3], [4] and [5]. As mentioned above, the same methodology may be reused in FeICIC, and the only difference is 9dB CRE bias. For convenient, we first review the statistics on ABS mentioned in eICIC, and then provide system simulation results based on 9dB CRE bias.
The statistics on ABS in eICIC are:

· Serving Es/Noc1: SNR of serving pico cell 
· Conditional interference Es/Noc1: interference SNR of dominant interference macro on data OFDM symbols depending on certain range of serving Es/Noc1.
· Conditional interference Es/Noc2: interference SNR of dominant interference macro on CRS OFDM symbols depending on certain serving Es/Noc1.
Note: Noc1 is the noise floor of #1,2,3,5,6,8,9,10,12,13 symbols on ABS, which denotes the interference created by all other picos (other than serving pico) plus thermal noise; Noc2 is the noise floor of #0,4,7,11 symbols on ABS, which denotes Noc1 plus the interference (only CRS) created by all macros other than the dominant macro cell. 
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Figure 1 CDF of serving Es/Noc1
Similar with eICIC, pico UEs can be divided into three classes:
Class 1: Pico UEs who locate at the edge of CRE range, whose serving Es/Noc1 correspond to 10% value of CDF curve. To obtain enough number of UEs, we use 5%~15% CDF of serving Es/Noc1 to evaluate conditional interference Es/Noc1 and Es/Noc2.
Class 2: Pico UEs who locate at medium area of CRE range, whose serving Es/Noc1 correspond to 50% value of CDF curve. To obtain enough number of UEs, we use 40%~60% CDF of serving Es/Noc1 to evaluate conditional interference Es/Noc1 and Es/Noc2.
Class 3: Pico UEs who locate at inner area of CRE range, whose serving Es/Noc1 correspond to 90% value of CDF curve. To obtain enough number of UEs, we use 85%~95% CDF of Es/Noc1 to evaluate conditional interference Es/Noc1 and Es/Noc2.
Figure 2~Figure 4 depict the CDF curves of conditional interference Es/Noc1 and Es/Noc2 for different classes. The typical values of 50% CDF curve are listed in Table 1.
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Figure 2 CDF of conditional interference Es/Noc1 and Es/Noc2 for class 1
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Figure 3 CDF of conditional interference Es/Noc1 and Es/Noc2 for class 2
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Figure 4 CDF of conditional interference Es/Noc1 and Es/Noc2 for class 3

Table 1 summary of typical values corresponding to 50% CDF curve
	50% CDF statistics
	Class 1 pico UE (dB)
	Class 2 pico UE(dB)
	Class 3 pico UE(dB)

	Serving Es/Noc1
	-0.7
	6.0
	16.5

	Conditional interference Es/Noc1
	5.4
	10.8
	20.5

	Conditional interference Es/Noc2
	1.8
	5.5
	12.7


2.3 Performance requirements and reference receiver
There are a number of different types of receivers that provide different performances, e.g., CRS cancelling receiver and CRS muting (or LLR nulling/discarding) receiver, which nulls the LLR corresponding to the macro CRS RE. The interference scenario in HetNet using eICIC would be quite complicated. On ABS, except for macro CRS, there might exist PSS/SSS, PBCH, SIB-1 and paging. Whether the receiver is able to further cancel or combat these signals other than CRS might determine the actual system performance. On non-ABS the dominant interference from the macro cells would be colour instead of white. Whether the UE can estimate the noise after the MRC or MMSE equalization or estimate the interference correlation matrix, or even can conduct IRC together with CRS cancelling leads to quite different performance. RAN4 need the system evaluation on some topics.
First for the study the reference receiver should be determined. Otherwise, the complicated interference scenario, which we have experienced during the discussion of CQI tests for eICIC, might make the simulation result alignment and define the requirements quite difficult. Moreover, RAN4 should also determine whether and what signals other than CRS should also be cancelled, because some RLM/RRM measurement requirement and the system performance are linked to it.
Secondly, RAN4 should give the typical scenario to determine the parameters for the requirements. According to FeICIC WID, it seemed that RAN4 should also need to know the number of the dominant interference or UE should only cope with one strong interferer.
Thirdly, during FeICIC WI except for the Rx solutions, RAN1 also discuss the reduced power and other Tx solution for the HetNet scenarios, which need the specific implementation. It would be difficult to have a set of general requirements to cover all kinds of UEs. So should we try our best to define the generic requirements or use other methodology, like WCDMA defining the new receiver types and define some specific requirements for each type together with some common performance requirements. 
Generally RAN4 will first finalize the discussion on core part, i.e., RRM and then discuss the performance part. But for FeICIC, since the reference receiver might be the key and would impact both core part and performance part, it is suggested to discuss the reference receiver both from the perspective of RLM/RRM and demodulation performance.
3. Conclusions
In this contribution, system level evaluation for FeICIC is discussed, and proposed system simulation assumptions can be summarized below:

· Only one dominant interference macro cell and one serving pico are assumed.

· All macros configure the same ABS pattern.

· Detailed assumptions for macro-pico deployments are depicted in [2]. 
· CRE bias is limited within 9dB.
Regarding to the reference receiver, it is suggested that more detailed information including what kind of signals should be cancelled, the number of the dominant interferers and the interference spatial features should be determined. And we also propose to discuss the reference receiver from both RLM/RRM and demodulation performance perspectives.
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