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1. Introduction
In RP-111369 (WID) [1], issues for identifying the scenarios of further enhanced non-CA-based ICIC for LTE were presented and the brief summary is the same as the following.
· Based on system performance gains identify the scenarios for which the following UE performance requirements will be specified, in terms of, e.g., number of interferers and their relative levels with respect to the serving cell.
· UE performance requirements 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).
· UE performance requirements 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.
· Dominant interference applicable to both macro-pico and CSG scenarios and  with or without handover biasing
In this document we integrate the backhaul constraints of HeNB into the scenario identification. We start from an observation that the capacity of HeNB backhaul interface are quite possible to be lower than the capacity of its air interface, and point out that assuming HeNB could transmit over the entire bandwidth (results from the full buffer traffic model) is not reasonable. Base on a simulation to demonstrate that the backhaul constraint may have significant impact on interference experienced by HeNB, we propose to identify the HeNB FeICIC scenario based on HeNB backhaul constraint.
We also mention that, identifying scenario based on HeNB backhaul constrain could clarify importance of non-CA-based ICIC from CA-based-ICIC.
2. Discussion
2.1 Capacity of HeNB backhaul interface and air interface
Consider the case where the HeNB is installed by home/office users, the backhaul would highly possible be home broadband such as ADSL. It implies the maximum throughput supported at backhaul interface might be lower than 20 Mbps, as the example of ADSL2 which supports 12 Mbps for DL and 1 Mbps for UL. Further considering the broadband for one building is usually shared among several users and in many parts of the world the home/office broadband capacity is quite low, it is much possible that the backhaul throughput of HeNB would be lower than several Mbps in many cases.
On the other hands, the capacity of HeNB air interface is more than 100 Mbps. We take an example as follows, where we assume normal CP, 64-QAM modulation, 2 layers spatial multiplexing. The control overhead is ignored and the bandwidth is assumed to be 20 MHZ. 
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From the above, we know that it is quite possible to have many cases where the capacity of HeNB backhaul interface is quite lower than the capacity of HeNB air interface. It implies the overall traffic to UEs attached to this HeNB is limited and thus applying full buffer traffic model in HeNB evaluations is not reasonable. More importantly, as the sum traffic of all UE is limited and is lower than capacity of air interface; each HeNB would transmit over partial bandwidth only, not over the entire bandwidth as the results by full buffer traffic model. 
Observation 1: The backhaul throughput provided by home/office users for HeNB may be quite limited, and may only be 10% of HeNB wireless throughput.
2.2 Interference under Different HeNB Backhaul Constraint
In this section we use a simple simulation in figure 1 to demonstrate the interference experienced by the UEs attached to HeNB (HUE) and by the UE attached to eNB (MUE) differ significantly with HeNB backhaul capacity. We adopt the dual-strip model in [2] and assume the bandwidth is 10 MHZ without spatial multiplexing. The control overhead is ignored and thus the capacity of air interface is about 50 Mbps. The remaining simulation assumptions can be found in Table1.  
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Figure 1: (wideband) SINR experienced by MUE and HUE.
In figure 1, we draw the SINR experienced by HUEs and MUEs under different HeNB backhaul capacity, which corresponds to three cases as (a) the capacity of HeNB backhaul capacity is the same as the capacity of HeNB air interface (b) the capacity of HeNB backhaul capacity is 50% of the capacity of HeNB air interface (c) the capacity of HeNB backhaul capacity is 20% of the capacity of HeNB air interface. As we observe, interference experienced by MUEs and HUEs differ significantly with the capacity of HeNB backhaul. It is an intuitive result as the lower the capacity of HeNB backhaul interface, the less the RBs utilized by HeNBs. It results in less of interference experienced by MUEs, and also HUEs if we take the inter-HeNB interference into considerations.
Please note, due to this result is intuitive, easily understood and make sense, it shall still be the case even we improve our simulation for more realistic environments (e.g. for 57 cells as we adopt 3 cell currently). Therefore, we have the following proposal.

Proposal 1: In Macro-Femto evaluations, to model a more realistic scenario, it might be helpful to specify the HeNB backhaul capacity or the upper limit of the sum traffic that HeNB delivers to UEs in the traffic model.
2.3 Scenarios to Define UE Performance Requirements under Macro-Femto Deployment
In the past FeICIC discussions, full buffer traffic model is adopted in many simulations to target the worst case design. However, as we mentioned above, in many cases the bandwidth utilized by on HeNB might be quite low and thus it might be worth to identify a scenario in which the HeNB backhaul capacity is X% of the capacity of its air interface. 
One motivation to define a scenario in which the HeNB backhaul capacity is quite lower than the capacity of its air interface is to clarify the benefit of non-CA-based ICIC from the CA-based ICIC. The reasoning is as follows:

“Under the full buffer traffic model, the HeNB could utilize entire bandwidth of one carrier. Considering the difficulties to communicate and to synchronize among the eNB and HeNBs, the CA-based solutions seem more appropriate. However, if we take HeNB backhaul constraint into considerations, CA-based solution might result in low-spectrum efficiency. It is due to the amount of frequency resource utilized by HeNB is limited by its backhaul capacity and thus may waste some resource of the carrier assigned to HeNB. For this case, therefore, non-CA-based solutions seem better.”
Furthermore, to clarify the performance between non-CA-based and CA-based solution, the spectrum efficiency should be performance index, in addition to SINR and throughput utilized currently.
Proposal 2: To model a more realistic Macro-Femto environment and to capture the critical non-CA-based solution, it might be helpful to define a scenario in which the HeNB backhaul capacity is X% of the capacity of its air interface.
Proposal 3: If the limited backhaul scenario is considered for Macro-Femto evaluations, to capture the critical non-CA-based solutions, add the spectrum efficiency as performance matrix might be helpful.
3. Conclusion
In this contribution, based on the limits on HeNB backhaul capacity, we have the following 1 observation and 3 proposals.
Observation 1: The backhaul throughput provided by home/office users for HeNB may be quite limited, and may only be 10% of HeNB wireless throughput.
Proposal 1: In Macro-Femto evaluations, to model a more realistic scenario, it might be helpful to specify the HeNB backhaul capacity or the upper limit of the sum traffic that HeNB delivers to UEs in the traffic model.
Proposal 2: To model a more realistic Macro-Femto environment and to capture the critical non-CA-based solution, it might be helpful to define a scenario in which the HeNB backhaul capacity is X% of the capacity of its air interface.

Proposal 3: If the limited backhaul scenario is considered for Macro-Femto evaluations, to capture the critical non-CA-based solutions, add the spectrum efficiency as performance matrix might be helpful.
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5. Simulation Assumption
Table 1: Simulation Assumption
	Simulation Parameter 
	Description/Value 

	eNB and HeNB layout 
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	Number of cells 
	3 cells in 1 site 

	Number of Antenna 
	1 for eNB, HeNB and UE 

	HeNB deployment model 
	1 apartment block per cell, two stripes per apartment block each consisting of 20 apartments. 1 floor for each apartment block and each apartment has a HeNB can serve HUEs. 

	Carrier frequency 
	2 GHz 

	Transmission bandwidth 
	20 MHz 

	HeNB transmit power 
	20 dBm 

	eNB transmit power 
	46 dBm 

	Number of users 
	400 users/cell (including both MUEs and HUEs) 

	HeNB access 
	Closed Subscriber Group (CSG) 

	HeNB active ratios (α) 
	100% 

	Indoor ratio of MUE (β) 
	80% 

	Penetration loss 
	See Table A.2.1.1.2-8 in TR 36.814. 

	Path loss 
	See Table A.2.1.1.2-8 in TR 36.814. 

	Lognormal shadowing 

standard deviation 
	4dB for link between HeNB and HUE. 

8dB for other links. 

	Min. HeNB-UE distance 
	3 meters 

	Min. eNB-UE distance 
	35 meters 

	Min. eNB-HeNB distance 
	75 meters 

	Antenna pattern (HeNB) 
	Omni with 5 dB gain 

	Antenna pattern (eNB) 
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