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1. Introduction
The Rel-10 WI on “Enhanced ICIC for non-CA based deployments of heterogeneous networks for LTE” provides signalling and performance requirements in relation to the support of co-channel deployments of heterogeneous networks. Due to time limitations, some identified techniques to enhance ICIC were de-prioritized for Rel-10. Also, a late RAN1 agreement [1] states that the impact of legacy transmissions in almost blank subframes (ABS) on control/data channels needs to be addressed in Rel-11. To complete the associated specification work, the Rel-11 WI [2] proposes to continue those initiated in Rel-10 to further enhance ICIC for an efficient support of heterogeneous networks. The main issues include

· UE performance requirements and possible air-interface changes / eNB signalling to enable significantly improved detection of PCI and system information (MIB/SIB-1/Paging) in the presence of dominant interferers for FDD and TDD systems, and different network configurations (e.g., subframe offset / no-subframe offset), depending on UE receiver implementations - (RAN1, RAN4, RAN2)

· UE performance requirements and necessary signalling to the UE for significantly improved DL control and data detection and UE measurement/reporting in the presence of dominant interferers (including colliding and non-colliding RS, as well as, MBSFN used as ABS, as well as, ABS subframe configurations) for FDD and TDD systems depending on UE receiver implementations. Improved detection based on air interface enhancements to be considered - (RAN1, RAN4, RAN2)

· Dominant interference applicable to both macro-pico and CSG scenarios and  with or without handover biasing

This contribution summarizes our evaluation in identifying the scenarios which UE performance requirements and specification impacts in the above two bullets will be based on. The acronym e2ICIC is used for the interference coordination techniques in Rel-11.
2. Discussion
2.1. Scenarios of interest

We suggest a more diversified deployment in Rel-11 e2ICIC than that in Rel-10. In a HetNet deployment, the network is composed of several types of eNBs including the macro, pico, femto, RRH, relay, etc. The Rel-10 eICIC was concentrated on deployments consisting of macro, pico, and femto eNBs. The discussion on the coordination of macro + pico was separated from that for macro + femto. Since the goal of Rel-10 eICIC was to identify and evaluate non-CA based strategies of HetNets, considering the problem separately for macro + pico and macro + femto does not bring about deficiency of the proposed methods. Looking at the proposed solutions in Rel-10 such as the ABS, the restricted UE measurements due to ABS configuration, the CQI reports for configured subframe subsets, etc., they are flexible enough to support a variety of HetNet deployments. 

However, Rel-11 e2ICIC is focused on the detection performance of PCI, system information, DL control and data channels, and UE measurements/reporting. For each channel or signal, we need to check whether the related performance requirements can be met under the scenarios of interest especially for those UEs located at regions suffering from high levels of intercell interference. Definitely, the evaluation results highly depend on the deployment. For example, consider two deployment scenarios shown in Figure 1. In Figure 1(a), the deployment is Macro + Pico. In the worst case, the UE is located at the range extension area of the Pico cell and suffers from a high-level interference of the Macro cell; while in Figure 1(b), a worst-case UE is subjected to the interference from the Macro and Femto cells. As femto cells grow popular in the market, the deployment of Figure 1(b) becomes realistic and the occurrence of the situation shown therein is not rare. We suggest deployment scenarios comprising a variety of low power nodes altogether should be considered in Rel-11. 
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	Figure 1: Two HetNet deployments: (a) Macro + Pico, and (b) Macro + Pico + Femto.


2.2. Performance evaluation and simulation assumptions
In Rel-11 non-CA-based e2ICIC, the performance of each of the following channels including PSS, SSS, SIB-1, Paging, DL control/data channels, and UE measurements/reporting need to be evaluated. The evaluation can proceeds in the following way. Firstly, system level simulations are executed to obtain the empirical cumulative distribution function (CDF) of the received SINRs of UEs, i.e. CDF of the UE geometry. Secondly, based on the CDF and the Rel-8/9/10 minimum requirement of a specific channel, the percentage of legacy UEs having inferior performance due to the high interference level in the HetNet deployment can be inferred, and it can be determined whether an enhancement of UE performance requirements of this channel is needed for Rel-11 and later UEs. For example, Figure 2 shows an empirical CDF of the UE geometry. A minimum performance of PDCCH/PHICH is given in Table 1 [6], where the probability of miss shall be no larger than 1% when the SNR is -1.7 dB. Looking at Figure 2, we can see that, in the worst case that all UEs have performance equally well as the minimum requirement, roughly 10% of UEs will have the miss probability higher than 1%. If such percentage of UEs having inferior performance is not acceptable, then an enhancement of the performance requirement is required for this channel.
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	Figure 2: An empirical CDF of the UE received SINR.


Table 1: A minimum performance PDCCH/PCFICH [6]
	Test number
	Bandwidth
	Aggregation level
	Reference Channel
	OCNG 
Pattern
	Propagation Condition
	Antenna configuration and correlation Matrix
	Reference value

	
	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	1
	10 MHz
	8 CCE
	R.15 FDD
	OP.1 FDD
	ETU70
	1x2 Low
	1
	-1.7


Based on the discussion above, system level simulations with the simulation parameters in accordance with realistic deployment scenarios are necessary. The system level simulation assumptions of Rel-11 CoMP have been discussed in a series of meetings. We believe many of the conclusions for the CoMP simulation assumptions [5] can be reused in Rel-11 non-CA-based e2ICIC. In Table 1, system simulation parameters for the UE geometry with macro, pico, and femto cells are proposed. In the table, the parameter ‘Deployment scenario’ includes the settings of some ICIC mechanisms such as bias values for cell association, almost blank subframes (ABS) pattern, and so on. These settings affect the results of system level simulations and thus influence our judgment on whether enhanced performance requirements are necessary. For instance, when the ABS is applied, some UEs have higher received signal SINR in these subframes, and the percentage of UEs with inferior performance is decreased. We will discuss this issue in more details in the next section. 
Table 2: System simulation parameters for non-CA-based e2ICIC evaluation
	Parameter
	Values used for evaluation

	Deployment scenario
	Heterogeneous network with low power picos and femtos within the macrocell coverage. 

Transmission/reception points created by the picos and femtos have different cell IDs as the macro cell
Bias values for cell association: FFS
ABS pattern: FFS
eICIC schemes incorporated in system level simulations: FFS

	Simulation case
	Baseline:

ITU UMa for Macro, UMi for Pico, InH for Femto
·  UMa
- UE speed : 3km/hr
- No outdoor in-car penetration loss
·  UMi
- Carrier Frequency : 2GHz
- 100% UE dropped outdoors

- No outdoor to indoor penetration loss
· InH
- FFS
· Antenna Height: Applied for ITU UMa (Macro), ITU UMi (LPN) 

- 10m for Pico Node

- 25m for Macro Node

- 3D antenna tilt for calibration (for Macro) :  12 degrees 

- Antenna height of Femto: FFS

· UE noise figure: Applicable to all the channel models 
- 9dB

· Minimum Distance: Applicable to all the channel models
- Macro – Pico: > 75m

- Macro – UE : > 35m

- Pico – Pico: > 40m

- Pico – UE: > 10m

- Femto – UE: > 10m

· Additional Clarifications 
- ITU UMa, UMi, and InH penetration, pathloss, and shadowing generation methodology is used for Macro to UE, Pico to UE, and Femto to UE, respectively

	Number of Pico per macro-cell
	Configuration #4b [TR 36.814] with N low power nodes per macro cell
Configuration #1 [TR 36.814] with N low power nodes per macro cell
Baseline: N = 4

Optional: N = 1, 2, 10

	Number of Femto per macro-cell
	Table A.2.1.1.2-6 of [TR 36.814]

	Pico TX power (Ptotal)
	30 dBm and 37 dBm for both FDD and TDD in 10MHz carrier, with higher priority for 30 dBm

	Femto TX power (Ptotal)
	20 dBm in 10MHz carrier

	Number of UEs per cell
	Table A.2.1.1.2-5 of [TR 36.814] for Pico; Table A.2.1.1.2-6 of [TR 36.814] for Femto

	System bandwidth
	10 MHz, 20MHz 

	Antenna pattern
	For macro eNB: 
3D as baseline and 2D as additional
Follow Annex A 2.1.1.1 Table A.2.1.1-2 in TR36.814
For Pico: 
2D as baseline and 3D as optional
Horizontal plane: omnidirectional
Vertical plane:
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 = 40 degrees,  SLAv = 20 dB
For Femto: FFS

	eNB Antenna tilt
	For macro eNB: Different down tilt values may be evaluated.
For Pico: 0 or 10 degrees
For Femto: FFS

	Antenna gain + connector loss
	For macro eNB: 17 dBi in ITU, 14 dBi in 3GPP Case 1
For Pico: 5 dBi
For Femto: FFS


2.3. Influence of e2ICIC methods to system level simulations
Tools available for the e2ICIC include 
· Almost blank subframe (ABS) 
· Fake uplink (UL) subframe (for TDD only) 

· MBSFN subframe without signal in the data region 

· Subframe shifting (for FDD only) 
· Lightly loaded PDCCH region 

· Interference cancellation 
· Rel-8/9 ICIC 
· Power setting 
· Transmit side resource element (RE) muting 

· Semi-static indication of PCFICH value, etc. 
Some of these methods, e.g. ABS, fake uplink subframes, subframe shifting, power setting, etc., can be incorporated into the system level simulations. Some comments on ABS and subframe shifting are made in the following.
· ABS: Owing to the definition of ABS given in [3], there is legacy transmission in an ABS coming from the transmission of the CRS, PSS, SSS, PBCH, SIB-1, Paging, and PRS. For the PSS, SSS, and PBCH, they are transmitted at fixed time-frequency resources, and the aggressor and victim cells transmit these signals simultaneously all the time (even in an ABS) if subframe shifting is not applied. Thus, these channels are unaffected by the ABS method. As for the PCFICH/PDCCH/PDSCH, when the ABS method is applied at the aggressor cell, UEs in the victim cell have lower interference levels. For those subframes not allowed for SIB-1 and Paging channels transmissions, the effect of ABS configuration on the results of system level simulations can be easily reflected. However, for those subframes possibly with SIB-1 and Paging, it is important to realize how to reflect the impacts of these legacy transmissions to the system level simulation results.

· Subframe shifting: Subframe shifting is applicable to FDD systems. For TDD systems, it can only be applied to UL-DL configurations with 5ms DL-to-UL switch point periodicity; for UL-DL configurations 6, a fake UL subframe [7] shall be configured. If subframe shifting is adopted, e.g. 1ms shifting, most common control channels of aggressor and victim cells do not interference with each other. Instead, a common control channel, e.g. PSS, of the victim is transmitted on the same time-frequency resource as, e.g. PDSCH, of the aggressor, and the ICIC can be supported by aggressor’s deliberately reducing the scheduling on the resources carrying sensitive channels in the victim cell. Thus, when subframe shifting is used, the UE received SINR highly depends on the traffic loads, and the traffic models adopted in the system level simulations should be carefully investigated. 
3. Conclusion 
In this contribution, we summarized our evaluation in identifying the scenarios for which Rel-11 non-CA-based e2ICIC UE performance requirements and specification impacts to be based on. 2.2. Performance evaluation and simulation assumptions for this work item were also proposed. Finally, the influences of e2ICIC methods to system level simulations were investigated.
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